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PEEFACE TO THE FIFTH AND SIXTH EDITIONS. 


When the first edition of this work ap}>eare(l (1903), the 
author hardly expected that his views, submitted only with the 
intention of opening new fields of investigation, would, witliin 
comparatively few years, be granted an enviable position in the 
practical field. He can only ascribe the large patronage that 
the work has received from the general profession to the admit- 
tedly better results obtained in practice by the adoption of tlie 
newer principles it has introduced. Besides taking into account 
the functions of important . organs — tlie ductless glands — in 
every morbid process treated, the author has tried to emphasize 
the value of close analysis in the treatment of disease and to 
cultivate a distaste for the empiricism whicli attends the present 
use of remedies. It is unquestionably because such an effort 
meets a corresponding desire in tlie piofession at large that so 
encouraging a response has been vouchsafed. 

The last three editions extemh'd greatly, as compared to 
former ones, the sco|>e of the work in the ])ractical field. About 
400 pages of the first volume, devoted lieretofore to a study of 
the functions of the adrenals and thyroid, were deemed no longer 
necessary to introduce the author s views, and were replaced by 
a Corresponding number of pages in whicli questions of para- 
mount importance to the practitioner were considered. The 
fifth and sixth editions served mainly to bring tlie various sub- 
jects to date, and to amplify some of them — the chapter on 
‘ ^Organotherapy for example. 

> ^ : The first two chapters are devoted to the connection of the 
I with the lethal trend of many infections and intoxica- 

!;.i;ions. It is shown therein that many diseases prove fatal through 
fact that inhibition or destruction of the functions. of the 
-Adrenals as a cause of death is at present overlooked. As the 
diseases which unquestionably implicate so seriously these organs 
include practically all febrile intoxications and infections, espe- 
cially those of childhood, the importance of the subject as a whole 
can hardly be suflSciently emphasized, 

. fv) 
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The next tliree chapters, also composed entirely of new 
matter, cover a similar field, in so far as the thyroid and para- 
thyroids are concerned, besides analyzing from a new standpoint 
the diseases due to these organs: myxietlema, cretinism, infanti- 
lism, etc. These prominent syndromes are rarely met with, how- 
ever, as compared with the less clearly identified manifestations 
of thyroparathyroid insufficiency, treated in the present work 
under the caption of hypothyroidia. Many disorders grouped 
under the terms ‘^rlieumatisin,^^ ^^neurasthenia,^^ ^^autointoxica- 
tions,” ^^gout,” which thwart the physicians’ efforts, are but 
manifestations of this condition. This applies also to a large 
proportion of mentally defective, obese, and imperfectly developed 
subjects, all of whom, particularly children, may be greatly 
benefited when their true condition is recognized. 

The twelfth chapter has been devoted to organotherapy. 
The autlior is not of the opinion that ^'internal secretions” are 
as numerous in the body as is generally believed; an effort is 
made, therefore, to identify those which merit this designation, 
and also tlie active factor in each of the organic products that 
have been found of value in various diseases. This also has for 
its purpose to counteract, as much as possible, the prevailing 
empirical use of these agents, several of which, intelligently 
employed, arc of great therapeutic efficiency. 

The balance of the work has been carefully revised, and 
where needed, as in the eleventh chapter, considerably amplified. 
This applies also to the second volume, but only in so far as 
needed corrections were concerned. 

The author may add that he has also received encourage- 
ment from the fact that his views are steadily gaining ground, 
even in the experimental field, as will be seen by a perusal of 
the work. 

C. E. DB M. Sajous. 

2043 Walnut Stbebt, 

Philadelphia. 

Fifth Edition, April 1, 1912. 

Sixth Edition, January 1, 1914, 



PREFACE TO THE SECOND AND THIRD EDITIONS. 

(CJontaining a summary of the author’s newer 
conceptions up to 1907.) 

While the manuscript for the first volume was delivered 
to the publishers in 1902, the second volume was only finished 
in 190^*. As the latter embodied researches carried on during 
the interval of five years between the two volumes, it became 
necessary to correct what errors the first contained in the light 
of these researches. This feature, coupled witli the large patron- 
age the medical profession has granted the work, has imposed 
the need of new editions. Tliat very few corrections have 
proven necessary, cither by reason of tliese investigations or of 
what justified criticisms tlie work has received, is shown by the 
list of additions to our knowledge (see page x et seq, of this 
preface) it introduces. The second volume may thus be said 
only to amplify the newer functions 1 pointed out in the first 
volume in 1902 and to illustrate their importance in practice. 

The present status of Medicine precludes any apology for 
the publication of a Avork such as this. Professor Sollinann, 
a prominent member of the Council of Pharmacy of the Amer- 
ican Medical Association, wrote, only recently (1908) ; ^^A 

generation ago therapeutics was an art, promising to develop 
into a science. At present it cannot be classed as an art, nor 
as a science; it can only be classed as a confusion.^^ Indeed, 
Osier’s public declaration^ that of the action of drugs ^Ve knew 
little” though we ^^put them into bodies the action of which 
we know less,” sustained by Llewellys F. Barker’s estimate pub- 
lished about the same tirne,^ ^That drugs of unhnown physio- 
logical action cannot conscientiously be set to act upon bodily 
tissue in disease in which we are ignorant of deviations from 
the normal/* involves the conclusion that our ignorance applies 
to disease as well as to therapeutics — in a word, to all that which 
endows us with the right to accept, with any degree of self- 
respect, the confidence which suffering humanity places in us. 

It is not my purpose to take issue with these frank ex- 

^ Osier: N. Y. Sun. Jan. 27, 1901. 

*De>rell 7 S P. barker: UuU. Johns Hopkins Hosp., July-Aug.. 1900. 
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pressioDB of opinion. In fact, were I to do so, I would con- 
ceal similar conclusions reached nearly twenty years ago, when, 
as editor of the Annual of the Universal Medical Sciences,” 
it biBcame my lot to collate, with the valued collaboration of 
many associates, the multitude of data, clinical and experi- 
mental, which were accumulating from year to year. Nor 
do they conflict with the prevailing estimate of the therapeu- 
tic worth of Medicine among the best-informed medical men 
abroad. Skoda’s dictum of several years^ standing, ^^that we 
can diagnose disease, describe it, and get a grasp of it, but we 
dare not expect by any means to cure it,” has drifted along, 
on the ripples of time, until, hardly two years ago (1907), the 
president of a prominent British society. Dr. A. H. Brampton,® 
found it opportune to declare that “if any daring member has 
introduced a subject bearing on medical treatment, it has been 
with an apologetic air and humble mien, well knowing that if 
his remarks had any reference to the' utility of drugs in the 
treatment of disease they would be subjected to good-humor^ 
banter, and received by those sitting in the seat of the scorn- 
ful with amused incredulity.” My aim now, as it was when 
“Internal Secretions” was first projected, is to indicate what to 
me, at least, appears to be the main cause of the deplorable 
state of practical Medicine, and if possible to eliminate it. 

When, twenty years ago, I was brought face to face with 
the mass of heterogeneous material we term the “Medical 
Sciences,” and with the -yearly crop of contradictory theories 
upon each disease, mode of treatment, etc., I soon realized that 
some gigantic flaw could alone account for so great a confusion* 
In the preface of the 1888 issue, I had stated that the “Annual- 
was intended “to become a helpmate to the practitioner in hiS 
efforts to relieve suffering, and to assist the investigator by 
correlating facts, thus enabling him the better to compare.^' 
Whether much comparison was indulged in by others I can^ - 
not say, but the fact remains that, as far as my own posifimf; 
in the matter was concerned, I began then and there to seek for 
the flaw referred to. I must frankly confess that its identity 
was not difficult to find, namely: the invalidity of Physi- 
ology. Never, when it came to tracing a pathological condition. 


•A. H. Brampton: Lancet, Jan. 19, 1907, 
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the effect of a remedy, the nature of a symptom, or any, in fact, 
of the many phenomena which to ns practitioners are of para- 
mount importance in diagnosis or therapeutics, was it possible 
to trace to its source the chain of events through which a 
normal function had more or less suddenly become abnormal. 
Invariably was it found that either the physiologists had 
failed altogether to discern the nature of that function, or, 
if an attempt had been made by them to explain it, that it 
was laden with so many inconsistent and obviously mutually 
contradictory conclusions that — although perhaps quite scientific 
in their eyes — it was more misleading than helpful in the 
e^sgplanation of the morbid condition analyzed. 

To illustrate these statements, I will submit a few of the 
more salient deficiencies referred to. The process of respira- 
tion, which includes pulmonary respiration and oxygenation of 
the blood and tissues, at once asserts itself as of capital impor- 
tance, since it involves the functions of all organs, the vital 
process, and also every morbid process. In January, 1903, I 
urged that this function as taught by physiologists failed to 
satisfy our needs, and suggested new paths for research. Two 
years later, Professor Chas. R. Barnes, of the botanical de- 
partment of the University of Chicago/ wrote: found it 

needful to examine the recent literature of respiration in ani- 
mals, the aspect of the general subject with which I felt myself 
least familiar. I found to my great surprise, that animal 
physiologists have concerned themselves very little with the 
essential problems of respiration.^^ Then, naming our best- 
ir text-books on physiology, he added: found no treat- 

ment whatever, indeed, no mention whatever, of the real prob- 
■ ^ of respiration, that is, of what is happening in the tissues, 
ihie process of which these external phenomena are the sign.’^ 
(the late Sir Michael Foster® also closed a study on metabolism 
last edition of his text-book with the statement that, 
ipfti&r all, it "consists mostly of guesses and gaps.” Even the 
apparently simple process through which the blood acquires its 
oxygen from the air in the pulmonary alveoli is at present 
unknown to physiologists, their gasometric experiments being, 

^ C. R. Barnea: Science, Feb. 17. 1906. 

• Sir Micbael Foster: cited by W. G. Little; Liverpool Ifed.-Cblr. Jour., Jan., 1906. 
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as stated by Pembrey,® ^^very discordant” and inadequate to 
explain ‘^the absorption* of oxygon by the lungs.” 

If the full meaning of these deflciencies is apprehended, 
their appalling consequences will appear. The pulmonary 
air-cells are the main barriers to infection: their surface is 
the seat of multiplication of the pneumococcus, wliile their 
walls afford a nidus for the tubercle bacillus. It is here, there- 
fore, that the initial lesions of the two great destroyers of 
mankind, pneumonia and tuberculosis, are formed. Now, ade- 
quate knowledge of the processes with which oxygen is con- 
cerned precisely in this location, would he a boon indeed: it 
would enable us probably to discern just how Nature defends 
the body against infection. As to the morbid processes con- 
nected with tissue respiration, 1 pointed out in the first vol- 
ume,^ two years before Heard suggested its use as a remedial 
agent, that trypsin was the direct destructive agent in another 
dread disease, cancer. Trypsin is now known to take part in 
tissue-metabolism. If we had something better than the 
^‘guesses and gaps” referred to at our disposal to study this 
next greatest foe of humanity, I venture to suggest that it 
would soon be conquered. 

Another great function is nutrition. Our first need to 
interpret intelligently gastro-intestinal infections, is a clear 
understanding of ferments. A most able physiologist, Benja- 
min Moore, ^ wrote recently: ^‘Little is known regarding the 
chemical nature of enzymes, because all attempts to isolate 
them in. a state of purity have hitherto failed.” Another au- 
thority, Halliburton,^ also writes: ^The process through which,; 
the digested food-stuft's arc absorbed from the alimentary c^nal| 
is quite as obscure.” Thus, HowelP® writes: “The energy 
that controls absorption resides .... in the wall of the intesr 
tine, presumably in the epithelial cells, and constitutes a spe- 
cial form of imbibition which is not yet understood/^ Accord;^ 
ing to Beddard,^^ “we know nothing of the path taken by the 
products of proteid and carbohydrate digestion.” HowelP* also 


« Pembn-y ; Schafer’s *‘T. B. of Phys’ol.,” vol. i, p. 776, 1898. 
f Srtjous ; vol. 1., pp. 609 to 666 Incl., 1908. 

8 Moore i Hill’s ** Recent Advances In Physiol,, etc.,” p. 117, 1906, 

• Halliburton ; “Biochemistry of Muscle and Nerve,” p, 80, 1904. 
w Howell : ” T. B. of Physiol. . ” p. 713, 1906. 

Beddard : Hill’s “Recent Advances In Physiol, etc.,” p. 643, 1906, 
W Howell: Zpc, Cff., p. 716, 1906. 
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says; ^^The form in which proteid is absorbed remains . . . . 
a mystery/^ Again, if, as text-books on physiology teach, the 
food-stuffs, duly prepared, were taken up at all by the blood, 
they should be found in the latter. But, as stated by Mendel,*^ 
^^Beyond the intestinal wall, in the blood and lyiuph-stream, 
the cleavage products seem, for the most part, to be missing.’" 
Finally, once in the blood, the fluid proteids should be readily 
diffusible to penetrate freely to the tissue-cell. HowelB‘ states; 
^^The proteids of the blood, which are supposed to be so im- 
portant for the nutrition of the tissues, are practically indiffus- 
ible, so far as we know. It is difficult to explain their passage 
from the blood through the capillary w^alls into the lymph."" 

The problem of nutrition is evidently no more solved by 
physiologists than those of respiration and tissue metabolism. 
The consequences to us are quite as deplorable. Asiatic 
cholera, typhoid, infantile diarrhma, and kindred disorders are 
closely related with all intestinal functions, and in absorption 
lies the key-note to general infection, llow can we possibly 
obtain a clear conception of all these dread diseases with such 
a foundation as physiology affords us ? 

The third great question is the manner in which function 
is incited in an organ. As shown by Claude Bernard, over fifty 
years ago, this is due to dilation of the arteries of that organ; 
more blood passing through it, it functionates. Notwithstand- 
ing considerable work done upon the problem ever since, the 
manner in which this function is carried out is quite unknown. 
Naturally, to admit more blood into an organ, the nutrient 
^arte^ies must be dilated. Now, in his summary of vasomotor 
i^ciibns, Foster,^® for instance, says, referring to the presence 
nerves in muscles; ^^There is no adequate evidence 
^ thW these vasodilator fibers serve as channels for tonic dilating 
^impulses or influences."" While Landois,’® in the last edition 
text-book, holds that ^^although a center for vasodilator 
Ot ^tessel-relaxing nerves has not yet been demonstrated, the 
existence of such a center in the medulla may nevertheless be 
J. G. Curtis^^ states that ^fit is not known whether 

IS Mendel : Med. News, May 20, 1905. 

14 Howell; Zoc. 886. 

15 Foster: “T. B. of Phvslol. ’* sixth American edition, p. 229, 1895. 

w Laiidois : *‘T. B. of Physiol., tenth edition, p. 771 1905. 

w J. Q, Curtis : “ Amer. T, B. of I hyslol.,»» vol 1, p. 199, 1900. 
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a vasodilator center is present in tlie bulb/^ The actual state 
of the question is aptly summarized by H. C. Chapman/* when 
he says: ^^Though numerous explanations have been offered 
of the manner in which the vasodilator nerves act, it must be 
admitted that none of them are satisfactory, and that it is not 
yet understood liow this stimulation causes dilatation of the 
blood-vessels/^ 

Now, the bearing of this physiological process upon patho- 
genesis and therapeutics may be said to be limited only by the 
total number of diseases to which the human frame is exposed> 
since all disorders are functional or organic, and all organie 
diseases impair function at a given time. A possible excepteoh 
suggests itself, namely, the nervous system. But here, again, 
the deus ex rnachina of the function as a whole, the nerve- 
impulse, lias remained hidden. As Laiidois^* ^^the nature 
of the physiological nerve-stimulus in the normal body is not 
known.^^ This accounts for the prevailing discouragement 
among the devotees of a great specialty, neurology, as expressed 
in the recent statement of a very diligent worker in that line, 
Joseph Collins,^® ^^that we know very little more concerning the 
etiology, pathogenesis, and the clinical display of the majority 
of nervous diseases, organic and functional, than we did twenty 
years ago.^^ 

These are but a few of the evident shortcomings of Physi- 
ology; others will be referred to in the body of the work. I 
wish to state, however, that their enumeration is hot inspired 
by a spirit of criticism; they are mentioned because each defi- 
ciency is subjected to a searching inquiry in the second volume 
with a view to its elimination: Indeed, any one who has exEUi*^ 
ined physiological lore as closely as 1 have, cannot but adtUiih 
the enormous and patient labor that physiologists have deybted > 
to the solution of the multitude of problems which the fuhe- 
tions of the human organism involve, including the many un- 
solved ones to which I refer. But I must now, after writing ; 
the second volume, emphasize a feature which I merely sogi 
gested in the first volume, viz., that their failure to explain the 
many functions referred to is due to the fact that they have/ 

C. Chapman: **Human Physlotoir/* second edition, p. 892, 1999. 

^^Landota: Loe. cit, p. 631. 

* Joseph Collins: Monthly Cyclo. of Pract. Med., Peb., 1906. 
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overlooked the cardinal functions of the organs to which I have 
given special attention: the adrenals, the thyroid, the pituit- 
ary body and the leucocytes. 

As the text will show, various branches of biology have 
been studied, but many of the facts which have served to 
elucidate function were obtained from clinical medicine. A 
great physiologist. Professor Pawlow, of St. Petersburg, wrote 
a few years ago,^^ after stating that physicians had pointed 
out the existence of gastric secretory nerves — a question which, 
vj may add, has been greatly elucidated, thanks to his own 
^‘Physiologists, on the other hand, had fruitlessly en- 
for decades to arrive at delinite results upon this 
questmn. This is a striking, but by no means isolated, instance 
where the physician gives a more certain verdict concerning 
physiological processes than the physiologist himself; nor is it 
indeed strange. The world of pathological phenomena is noth- 
ing but an endless series of the most different and unusual 
combinations of physiological occurrences wliich never make 
their appearance in the normal course of life. It is a series 
of physiological experiments which Nature and life institute, 
often with such ah interlinking of events as could never enter 
into the mind of the present-day physiologist, and which could 
scarcely be called into existence by means of the technical re- 
sources at our command. Clinical observation will consequently 
always remain a rich mine of physiological facts/^ There are 
precedents, therefore, upon which a legitimate belief may be 
biteed that the conclusions I have reached are sound. They 
alfprd, moreover, a clear explanation of the inability of physi- 
ologists to discern the functions my researches have led me to 
dtfiMSoyer: they are partly hidden in a field that physiologists 
not legitimately be expected to scrutinize, owing to its 
In this connection, it is mainly, therefore, as a 
^Oqijti^bution of pathological biology to normal biology, of which 
is a subdivision, that the two volumes of ^‘Internal 
^i^etions^^ are offered. 

' Among the more important features which* the views I 
idvahee therein appear to me to point out for the first time 
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(as far as the literature and the experimental and clinical facts 
within my reach have enabled me to judge) are the following: — 

As bearing directly upon Biology: — 

1. The main function of the adrenals, viz., to supply an internal 
secretion which absorbs the oxygen of the air to carry it to the tissues; 
and, as a result of this fact: — 

2. Pulmonary respiration, and 

3. Tissue respiration; 

4. The identity of the albuminous moiety of the hflemoglobin mole- 
cule, viz., the oxygenized adrenal sc‘cretion ; 

5. The identity of the oxidase of the blood, i.e., the oxygenized 
adrenal secretion referred to (after the tliirteenth chapter) as “adren- 
oxidase” ; 

6. The identity of the red corpuscles as storage-cells for adren- 
oxidase and as purveyors of this Ijody to the tissues; 

7. The general composition of ferments; 

8. That the adrenal principle is the one ferment which endows 
all other body-ferments with their properties as sucli; 

9. The identity of “secretin” as adrenoxidase ; 

10. The identity of “enterokinase” as adrenoxidase plus nucleo- 
proteid ; 

11. That the granulations of the leucocytes serve to build our tis- 
sues and to nourish them; 

12. That the substances out of which the leucocytes form their 
granulations (anabolism) are the proteids and carbohydrates ingested by 
them in the intestinal canal, its epithelium and villi, and in the blood; 

And, in virtue of these facts: — 

13. The process of absorption, and 

14. The process of general nutrition; 

15. That it is the hinction of leucocytes to convert the constitu- 
ents of the ingested proteids into living proteids; 

16. That the granulations they supply to the tissue-cells are living 
substance ; 

17. That the principle which endows the constituents of proteids 
with life in the leucocytes is the adrenal active principle; 

18. That the adrenal principle is the dynamic element in the vital 
process ; 

19. That the granulations of leucocytes once in the tissue-cells live 
tt'inporarily therein and are, when worn, broken down by ferments 
(catabolism), and voided by the cellular vacuoles into the pericellular 
lymph-spaces ; 

And, in virtue of the foregoing conclusions: — 

20. The process of metabolism; 

21. That all the ferments and carbohydrates found in the tissues 

and other immobile cells are brought to them by leucocytes and are 
derived from the alimentary system, especially the pancreas (trypidh) 
and liver (glycogen) ; : ^ 

22. -Tliat a portion of the pancreatic ferments forms an ittteirhdd 
secretion which passes to the splenic vein and thence into the portal 
system; 

23. That the splenic internal secretion (probably nucleo-proteid) 
also passes out into the splenic vein and thence into the portal system; 

24. That on reaching the portal system from the alimentary canal, 
the leucocytes absorb the pancreatic ferments and splenic internal secre- 
tion (probably nucleo-proteid) which they supply to the tissue-cells and 
with which they carry on their intrinsic functions; 
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25 . That the nervous system, in keeping with other tissues, is com- 
posed of cells likewise developed and nourished by leucocyte-granula- 
tions, and traversed by the oxygen-laden adrenoxidase ; 

26. That the ground substance and Nissl granules of nerve-cell- 
bodies and the myelin of their axis-cylinders or nerves are to the nerve- 
cell what the cytoplasm is to other tissue-cells; 

27. That the neuro-fibrils, including those of the axis-cylinders, are 
nerve-capillaries through which the nerve-cells are supplied with oxygen- 
laden adrenoxidase; 

28. That these neuro-fibrils receive their adrenoxidase-laden plasma 
from the general circulation through the intermediary of the neuroglia 
fibers (also capillaries) and the neuroglia-cells which regulate the vol- 
ume of plasma admitted into the neuroglia fibers; 

And, in virtue of the last four conclusions: — 

29. The circulation of the nervous system; 

30. That the myelin of nerves is not a mere insulating material or 
sheath, but a compound rich in phosphorus wliich, wlicn in contact with 
the oxygen-laden adrenoxidase circulating through them, generates 
nerve-energy ; 

31. That the ground-substance, the Nissl granules and the mye- 
lin in the cell-bodies of neurons and their dendrites, are also phosphorus- 
laden compounds which, when in contact with the adrenoxidase circu- 
lating through them, generate nerve-energy; 

And, in virtue of the last two conclusions: — 

32. The source and nature of the nerve-impulse; 

33- That the pituitary body is the general and governing center 
of the spinal system, which includes the gray substance of the base of 
the brain, pons, bulb and spinal cord, and the nerves derived from any 
of these structures, cranial or spinal, though subsidiary centers are also 
present in the bulb and spinal cord; 

34. That the pituitary body is the governing center of all vege- 
tative functions, t.c., the somatic brain; 

And, in virtue of these two conclusions: — 

35. The identity of the pituitary body as the most important of 
all organs concerned with the vital functions of invertebrates and verte- 
brates, including man; 

36. That the brain (as differentiated from the somatic brain) is 
the organ of mental processes and not the governing organ of motor 
functions; though capable, through the voluntary impulses it transmits 
to the spinal system, of having its mandates carried out; 

And, in virtue of these two conclusions: — 

37. The identity of the brain ( as differentiated from the somatic 
brain) as solely the organ of Mind. 

38. That neither the anterior nor the posterior pituitary body is a 
arreting gland; 

39. That the anterior pituitary body is a lymphoid organ which, 
through the intermediary of a center located in the posterior pituitary 
b^y and a nerve- path in the spinal system, the upper dorsal sympa- 
t^tic ganglia and the splanchnic nerves, governs the functional activity 
of the' adrenals; 

And, in virtue of this conclusion: — 

40 . That the anterior pituitary body goyerns, through the posterior 
pituitary body, all the oxidation processes of the body; 

41 . That the center in the posterior pituitary body through which 
the anterior pituitary body governs the adrenals also controls the func- 
tional activity of the thyroid gland, and thus constitutes the “adreno- 
thyroid’^ center ; 

42 . That the pituitary body, the adrenals and the thyroid gland 
(including the parathyroids) are thus functionally united, forming the 
'^adrenal system;” 
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43. That the posterior pituitary body is the seat of the highly 
specialized centers which govern all the vegetative or somatic functions 
of the body, and of each organ individually; 

44. That the posterior pituitary body receives all the sensory im- 
pressions belonging to the field of common sensibility: paiii, touch, 
muscular sense, etc., initiated in any organ, including the mucous mem- 
branes, skin and brain; 

45. That owing to this fact, the posterior pituitary body is the 
sensorium commune upon wdiich all emotions, shocks — ^psychical or 
traumatic — (foncussions, etc., react, the resulting impairment of its 
functions being the cause of the morbid phenomena observed under such 
conditions ; 

46. That the sympathetic system is also governed by a center, and 

47. That the sympathetic center is likewise located in the pos- 
terior pituitary body and constitutes one of the most sensitive of its 
centers; 

48. That it is the function of the sj’^mpathetic center and of the 
sympathetic system to govern the caliber of all arterioles, and to regu- 
late, through the spiral muscular coat of these vessels, the volume of 
blood admitted into the capillaries of any organ, including those of the 
brain and nervous sy.stein; 

40. That the vasomotor center governs the caliber of the larger 
vessels only, «.<?., of all vessels that are larger than the arterioles; 

50. That active vasodilation exercised through vasodilator nerves is 
limited to the arterioles; 

51. That dilation of an arteriole is due to constriction by the ter- 
minal fibers of a cranial nerve (the vagus, for example) of the vasa 
vasorum which supply its walls with adrenoxidase-laden plasma^ thus 
causing ischemia and relaxation of its .muscular coat; 

52. That while this process, ‘‘stricto-dilation,” serves to admit an 
excess of blood into an organ when the functional activity of the latter 
is to be increased, the sympathetic fibers, when the organ’s functions 
are to cease, restore the arterioles to their normal caliber; 

And, in virtue of the facts embodied in the last seven con- 
clusions: — 

53. The mechanisms of vasodilation and function. 

As bearing directly upon Immunity: — 

54. That the .sensory organ in the partition between the two lobes 
of the pituitary body is morphologically the homologue of the ‘‘test- 
organ” or “osph radium” of inollu.sks and* other Invertebrates, which has 
for its purpose to protect the animal against noxious materials that may • 
be present in the water admitted into its organism; 

55. That all Vertebrates, including man, are protected, as are \ 

Invertebrates, against noxious materials that may be present In. tha 
blood (a chemical homologue of sea-water), their test-organ, a 
structure, being sensitive to certain poisons as the olfactory area, ? 

it resembles histologically, is to odors; 

56. That the test-organ of Vertebrates, including man, reacts ^ 

the influence of any poi.son brought to it by the blood or its 

cytes (phagocytes) capable of exciting it, by increasing, throu^ the 
adreno-thyroid center, which it governs, the functional activity of th^ 
adrenals and of the thyroid and parathyroids; 

57. That by increasing the functions of the adrenals it enhances 
the bacteriolytic and antitoxic powers of the blood and its phago(?ytes; 

58. That by increasing the functional activity of the tl^roid and 

parathyroids it increases, through their secretions, the sensitiveh^iss 
of all cells, including bacteria, and their vulnerability to phasocytes, 
inasmuch as . . 
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50. The secretions, of the thyroid and parathyroids jointly form 
the opsonin and agglutinin of the blood; 

And, in virtue of the last six conclusions: — 

60. That the adirenal system, composed of the pituitary body, the 
adrenals and the thyroid apparatus, constitutes the immunizing niechan* 
ism of the body; and, furthermore, 

6L. That inasmuch as the adrenal system has for its purpose to 
protect the body against disease, it is by enhancing the functional activ- 
ity of the adrenal system that we ean overcome disease; 

62. That the adrenal system causes the appearance, in the blood 
and phagocytes, of an excess of “auto-antitoxin,* a (qualitative) chem- 
ical homologue of diphtheria antitoxin and other antitoxins; 

63. That this “auto-antitoxin” (as well as all other antitoxins) is 
composed of the internal secretions of the adrenals (adrenoxidase: 
Ehrlich’s amboceptor), of the pancreas (trypsin: Ehrlich’s complement), 
of the spleen and leucocytes (nucleo-proteid) , and of the thyroid and 
parathyroids (thyroidase: Wright’s opson ins) ; 

64. That it is to the excess of auto-antitoxin that the increased 
bacteriolytic and antitoxic properties of the blood and phagocytes (the 
true via medicatrix naturw) are due. 

As bearing directly upon Pharmacodynamics: — 

66. That rational Therapeutics, in so far as the cure of path- 
ogenic processes based on toxaemias is concerned, should include meas- 
.urcs which promote the formation of auto-antitoxin in the blood and 
phagocytes ; 

66. That we have drugs, of which thyroid extract, mercury, and 
iodine are types, which provoke energetically the formation of auto- 
antitoxin ; 

67. That the production of an excess of auto-antitoxin in the 
blood, under the influence of bacterial toxins or endotoxins, or of any 
poison capable of exciting the test-organ (and through it the adrenal 
system) sufficiently, is the phenomenon known as “fever,” and that the 
“thermogenic” or “heat” center is thus located in the pituitary body; 

And, in virtue of this conclusion: — 

68. The nature of fever and its mode of production; 

69. That we can by means of agents which stimulate concomitantly 
the test-organ and the vasomotor and sympathetic centers or any two 
of these centers, enhance metabolism and nutrition and the productiotr 
of auto-antitoxin, as exemplified by belladonna, strychnine, coca, quinta 
and other drugs; 

70. That we can supply the body with the constituents which its 
blood and tissues lack and that these agents are adjusted to the needs 
Of each organ by the leucocytes, as exemplified by iron and phosphorus; 

71. That all drugs are taken up oy leucocytes in the intestinal 
; OfUial and blood and transported by them to all parts of the body; 

7^. That the sympathetic center in the posterior pituitary body 
the ale^ center; 

" i: That the sympathetic center provokes sleep by lowering the 

: ^ activity of the anterior pituitary body and of the adrenal sys- 

and causes thereby a general relaxation of all arteries,' accumu- 
lation of blood in the splanchnic area, and ischaemia of the cerebro- 
spinal system; 

74. That drugs of which opium is the type, produce sleep by stimu- 
lating the sympathetic center; 

75. That drugs of the type of chloral, the bromides, etc., pro- 
duce sleep by depressing the vasomotor center and causing accumula- 
tion of blood in tne splanchnic area and ischsemia of the cerebro-spinal 
system; 
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And, in virtue of the four last conclusions: — 

76. The manner in which sleep is provoked; 

77. That ansKstlietics of Avhich chloroform and ether are types, 
produce sleep and anaesthesia by exciting powerfully the vasomotor cen- 
ter, causing thereby general vasoconstriction followed by liyperaemia of 
all capillaries, including those of the cerebro-spinal system, and ven- 
osity of their arterial blood; 

78. That anaBstlietics of which nitrous oxide is a type, produce 
sleep and amesthesia by replacing the oxygen of the air and producing 
veijosity of the blood in the capillaries of the cerebro-spinal system and 
other organs; 

79. That i>ain is due to hypersemia of the sensory-nerve terminals^ 
of the nervi nerx’oruin, etc., and that any agent which indirectly or 
directly causes diminution of this hypenemia counteracts pain; 

And, in virtue of this conclusion: — 

80. The nature and inode of production of pain; 

81. That analgesics of the type of opium counteract pain by stim- 
ulating the syinpatlietic center, and by thus causing the dilated arte- 
rioles which sup])ly the painful area to resume their normal caliber; 

82. That analgesics of the type of antipyrin, acetanilid, 
counteract pain in the same way, but, being more violent in their action, 
are apt to cause hypereonstrictioii of the arterioles and cyanosis; 

83. That drugs of the type of amyl nitrite, nitroglycerin, etc., 
produce dilation of tlie arterioles by inhibiting the functional activity 
of the sympathetic center; 

84. That drugs of the type of veratrum viride, the bromides, etc., 
lower the vascular pressure by inhibiting the functional activity of the 
vasomotor center ; 

85. That alcohol is a fictitious stimulant and in reality a depres- 
sant, owing to the fact that it deoxidizes the plasmatic adrenoxidase ; 

86. That the mineral .salts fulfill so important a role in the pre- 
servation of the osmotic properties of the body fluids and their alka- 
linity, that their rephuiement in all diseases in which they are actively 
reduced is an essential feature of the curative procecs; 

87. That purgatives produce their beneficial effects by causing 
either reflexly or by centric action, according to the purgative used, an 
increase of bacteriolytic and antitoxic auto-antitoxin in the intestinal 
canal ; 

88. That all emetics ])roduce their effects by provoKing irritation 
of the gastric mucosa: the local emetics (mustard, zinc sulphate, etc.) 
by irritating it directly; the general emetics (apoinorphine, tartar 
emetic, etc.) by depressing markedly the vasomotor and sympathetic 
eenter.s and thus causing dilation of tlie Jirterioles and hypertemia of 
the gastric glandular elements; 

89. That diaphoretics act .similarly, the sweat glands (as well as 
all other glands) being rendered hyperaemic and overactive. 

Bearing directly upon Pathogenesis and Therapeutic? 

90. That the vulnerability of the organism to infection is inversely 
proportional to the elficiency of the adrenal system, the relative amount 
of auto-antitoxin in the pulmonary and intestinal secretions, and the 
bacteriolytic activity of the phagocytes; 

91. That the diseases which are most fatal to mankind: cancer, 
tuberculosis, pneumonia, Asiatic cholera, bubonic plague, etc., are due 
to agencies, endogenous or exogenous, which interfere with, or paralyze, 
the functions of the test-organ and through it the adrenal system; 

92. That all these diseases can be treated successfully, when seen 
not too late, by means of remedies which excite with adequate activity 



PREFACE TO THE SECOND AND THIRD EDITIONS. xix 

the test-organ, and provoke tlirough it an accumnlation of auto-anti- 
toxin and tliyroidase (opsonin) in the blood; 

93. That the convulsive diseases: tetany, tetanus, epilepsy, puer- 
peral eclampsia and rabies, are all due to the accumulation of toxic 
waste-products in the blood; 

94. That all these convulsive diseases can be arrested by measures 
which prevent the accumulation of toxic wastes in the blood and which 
increase the proportion of auto-antitoxin in the latter, — provided organic 
lesions in the cortex (gliosis) have not been given time to develop; 

95. That all the diseases grouped under “gouty diathesis:’^ gout, 
migraine, neuralgia, sciatica, etc., are due to liypoactivity of the test- 
organs and the adrenal system ; 

And, in virtue of these six conclusions: — 

96. That the most fatal and distressing diseases of mankind have 
not been mastered because the eanlinal role of the adrenal system in 
their pathogenesis, prevention and cure, has been overlooked. 

As previously stated, this list includes only the more im- 
portant functions tliat iny researches — including personal inves- 
tigations in tlie laboratory, clinical o])servations, and analysis 
of the vast fund of knowledge available in literature — have 
brought to light. Were all enumerated, including those intro- 
duced in the departments of ^^Pharmacodynamics” and ^‘Patho- 
genesis and Therapeutics” (where they are designated by aster- 
isks in each drug and disease studied), they would aggregate 
several hundred. This fact is only referred to in order to illus- 
trate the far-reaching importance of the functions of the intenial 
secretions in all processes, normal, morbid, or protective, and 
the large number of gaps tliey fill. 

The final conclusions to which I have lieen led — those sub- 
mitted in the second volume — are not oifered as mere theories, 
but as solutions carefully worked out from the abundant mate- 
rial at my disposal. My labors as editor of the “Annual of the 
Universal Medical Sciences” and the “Cyclopa*dia of Practical 
Medicine” having shown that it was to the habit of theorizing 
with a few facts as foundation into which investigators, and 
particularly laboratory workers, have fallen, that the confusion 
which characterizes the Medicine of our day was due, the fol- 
lowing working plan was adopted: The lilerature of each sub- 
ject, my own experimental and clinical observations, etc., were 
collected, subdivided and filed. When a given subject was 
taken up, each paper available was analyzed and the sound ex- 
perimental or clinical facts or observations were noted and 
arranged in series. In physiological questions, the teachings of 
physiolopcal botany, zoology and cytology were added. All 
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these data (amoiinting to several hundreds in some instances) 
were treated as factors in the search of a solution — ^the solution 
submitted at the end of each section, in italics in the first seven- 
teen chapters, and thereafter in large type. The final solution 
reached in each instance was submitted to a rigid test, however, 
viz., absolute concordance with all other solutions in the work— 
a process which brought to light any defect, not only in the solu- 
tion itself, but likewise in all conclusions previously adduced. 
The chances of error were thus reduced to a minimum, while a 
solid framework was elaborated for future discoveries by other 
investigators. 

These details are given not only with the object of aiding 
others who might wish to work on parallel lines, but to illus- 
trate another salient feature brought to light by my editorial 
work upon the "AnnuaP^ and the ^^Cyclopaedia,^^ namely, that 
the present unsatisfactory condition of Medicine is due to the 
fact that investigators do not avail themselves of the enormous 
array of solid data available to ascertain the truth. Blinded by 
the fallacious idea that the worth of a contribution to our knowl- 
edge should be gauged solely by the new experiments and clinical 
observations it adds to those already available, they lose sight of 
the fact that such experiments and observations are but bricks 
and mortar out of which a coherent and truly useful Medicine — 
one indeed worthy of ranking as a science — can be built. 

The conception of Medicine presented in the second volume 
— and foreshadowed in the first — is submitted only as an effort 
in this direction. It aims to replace the empirical and hazardous 
use of remedies which has undermined increasingly the confi- 
dence of our best observers in them, by a system of therapeutics 
based on solidly established facts which makes it possible to trace 
every phase of their action to its source. The centers influenced 
may thus be used by the physician as so many levers through 
which he can regulate the defensive agencies of the organism 
and the mechanisms which distribute them, precisely as a gen- 
eral can govern the defensive movements of an army in the 
field. As the disease-causing substances, toxins, endotoxins, 
toxic wastes, etc., are also shown to produce their effects through 
a morbid action upon the centers influenced by our remedies, 
they may thus be met directly where they strike and antago- 
nized before they can destroy life. 
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The work introduces no elixir of life, no universal panacea, 
nor even a new serum, the weapons recommended are available 
to all, viz., the identical remedies which for years have been in 
daily use — the forty or fifty that have stood the test of time. It 
shows, I believe, that it is not because we have been lacking 
agents capable of successfully coping with disease that confi- 
dence in remedies has been steadily decreasing, but because they 
were used blindly and often, therefore, injudiciously. There is 
now not the least ground for doubt as to the efficiency of our 
therapeutic reasources. I shall be amply repaid if I have suc- 
ceeded in proving tliis fact, and if ^‘Internal Secretions” to any 
degree instils into its readers the unbounded confidence in the 
power of our remedies to antagonize and even master disease 
that a broad survey of the scientific facts at our disposal and 
considerable practical experience have instilled into me. 

The plan of the second volume, as stated in the preface, 
included only ^^Applied Therapeutics,” t.e., the physiological 
action of drugs in morbid processes, but thanks to the liberal- 
ity of my publishers, the F. A. Davis Company, T was able to 
add a department in which the pathogenesis and treatment of 
the most fatal and distressing diseases with which we have to 
contend are treated in full. Hence the comparatively large size 
of the second volume. 

It is with great pleasure that I acknowledge the encour- 
agement and moral support I have received during the rather 
arduous task the preparation of this work imposed upon rne, 
from my friends, Mr. F. A. Davis, president of the F. A. 
Davis Company, my publishers, and Dr. J. Madison Taylor, my 
associate in the editorial management of the ^^Monthly Cyclo- 
psedia of Practfeal Medicine.” Several of the mierpphotographs 
presented in this volume were prepared by rny son. Dr. Louis T., 
“ do M. Sajous, from slides. Some of these I owe to the kindness of 
George A. Piersol and D. J. McCarthy, of the Medical 
Department of the University of Pennsylvania, to whom I wish 
to express my thanks. 


C. E. DE M. Sajous. 
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CHAPTER 1. 

THE ADRENALS IN CLINICAL PATHOLOGY 
AND THERAPEUTICS. 

SIMILARITY OF THE EFFECTS OF REMOVAL OF THE ADRENALS 
IN ALL VERTEBRATES, INCLUDING MAN. 

Brown-Skquard,^ in 1856, (lemonstrated the ph^'^siologjcal 
importance of the suprarenal capsules by showing that removal 
of these organs from animals was soon followed by death. To 
offset the conclusions of Phillipeaux and Gratiolct, who ascribed 
death to secondary involvement of the central nervous system, 
he extended his researches,^ and showed, first, that transfusion 
of blood taken from a normal animal into a dying, decapsulated 
animal brought the latter to life, and, second, that the blood 
of a dying, decapsulated animal was poisonous to another decap- 
sulated animal, the life of the latter being shortened by eight 
hours as compared to the average longevity of other animals 
similarly mutilated. 

A certain degree of antagonism to Brown- Sequard^s con- 
clusions long prevailed among a limited number of investigators, 
who ascribed death in animals from which both adrenals had 
been extirpated to surgical shock — a view apparently sustained 
by the close relationship that exists between these organs and 
the sympathetic system. That such may be the case under some 
circumstances: the use of an animal debilitated by starva- 

tion or rough handling, lack of dexterity in the extirpation of 
the organs, is to be surmised; but, when all features that tend 
to compromise the issue are absent, there is not the least 
ground for the view that shock is the cause of death in decap- 
sulated animals. As shown by Langlois,® no marked symptoms 
usually occur during the first twenty-four hours. The fatal 

^ BrowH'S^quard: Comptes-Rendus de rAcad^mic dea Sciences, vol. zvili. 
1856. 

* Brown-S6quard: Journal de Physiologrle, vol. i, 1858. 

* Laniplols: Archives de Physiologle norm, et path., vol., 1887. 
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issue is not immediate; and in frogs, rabbits, guinea-pigs, and 
dogs tlie post-operative life varies from an average of forty 
hours in mild weather to twelve or thirteen days in the hiber- 
nating frog in winter. In a series of fifty-nine rats from which 
Boinet^ removed both adrenals, four lived several months. 
Some evidence of shock should have appeared in at least a 
small proportion of the operated animals. Not only was this 
not the case, but the fact that in four of them the prolongation 
of life was found to have been due to accessory or compensa- 
tory organs demonstrates the weakness of the shock hypothesis 
as the main cause of death in decapsulated animals. Further- 
more, the average symptomatology of post-operative life in 
various species — inco-ordination, muscular weakness or excite- 
ment, and tremors ; then paralysis of the hind -quarters, with 
gradual involvement of the trunk and upper extremities, con- 
traction of the pupil, gradual and steady slowing of the cardio- 
vascular rhythm, convulsions, haematuria, epistaxis, etc. — in no 
way resembles that of shock. 

Finally, complete removal of but one organ seems to affect 
animals so slightly that they appear to suffer no inconvenience; 
they continue to live month after month, ^^quite well and 
active^^; i.e,, until the experimenter removes the second adrenal, 
when death occurs within thirty-six hours. This fact, added 
to many others elucidated by the labors of Abelous and Lan- 
glois,° Oliver and Schafer," Cybulski,'^ Szymonowicz," Gourfein,® 
Langlois,^" Swale Vincent,^^ Boinet,’- Parhon and Golstein,^® 
and others, shows that there is no legitimate ground — after elim- 
inating all factors that obviously tend to disguise the source of 
physiological phenomena and pervert their meaning — to doubt 
that, as Brown-Sequard was first to show, extirpation of both 


* Boinet: Marseillo Medical, Sept. 1, 1899. 

^Abelous and Langlois: Archives de Physiologie norm, et path., yol. zUl, 
p. 267. 

® Oliver and Schftfer: Journal of Physiology, vol. xvili, 1896. 

^Cybulski: Gazeta Lekarska, March 23, 1895. 

® Szymonowicz: Archlv f. d. Gesam. Phys., vol. Ixiv, 1896. 

® Gourfein : Revue M^dicale de la Suisse Romande, March, 1896. 

Langlois: Loe. cit., 1898. 

” Swale Vincent: Journal of Physiology, Sept. 11, 1897; Feb. 17, 1898; Apr. 
25, 1898. 

Boinet: Lnc, cit. 

’’Parhon and Golstcin: “Les Sderdtions Internes,* ** p. 736, 1999. 
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suprarenals is followed hy death, and that these organs fulfill 
in the organism a role of great physiological importance. 

Are the suprarenal glands functionally as important in 
man as they are in the lower vertebrates? The clinical field 
alone offers the necessary elements for the study of this ques- 
tion; but it is strewn with obstacles. The various kinds of 
neoplasms which develop in these organs, with the possible 
exception of sarcoma, are of slow growth; the sufferer passes 
through various phases that are more or less influenced by 
concomitant conditions and by the pressure which the tumor 
exerts upon important neighboring structures. In carcinoma 
there may also be involvement of otlier viscera by continuity 
of tissue or metastasis. We therefore obtain, in relation to the 
symptom-complex of pure suprarenal origin, a transformed 
picture, one that precludes all certainty as to the relations 
between cause and effect. Addison^s disease affords, if any- 
thing, less opportunity for solid analysis; it may be associated 
with suprarenal lesions and it may not ; in some eases but one 
organ is involved; in others, both; if it is due to suprarenal 
tuberculosis, this process may be secondary or primary, thus 
furnishing a series of misleading symptoms due to the extrinsic 
lesions; finally, we may at a pod-vioriein liiid the organs com- 
pletely destroyed and obtain an anie-mortem history in which 
the Addisonian syndrome is conspicuously absent. 

What is required for a fruitful analysis of this question is 
a condition in which the adrenals are alone the seat of a mortal 
lesion: a lesion capable of suddenly annihilating the functions 
of both organs precisely as does their experimental removal 
in animals. A single disorder of the adrenals, among the few 
that have been so far described, fulfills those requirements in 
some of its manifestations, namely: haemorrhage. The litera- 
ture of this subject is, however, exceedingly meager: hardly 
two hundred cases having been reported. We are therefore 
fortunate in having at our disposal an able and exhaustive re- 
view of eighty of these cases, including several of his own, by 
Frangois Amaud,^* of Marseilles, which affords the necessary 
data. While some of the cases are very briefly reviewed, the 


^Fnmcols Arnaud: Archives Odn^rales de Mddecinei p. 64, July, 1900. 
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* details furnished arc at least sufficient to enable us to obtain 
what appears to be strong evidence to the effect that^ precisely 
as it does in the lower animals, destruction of the adrenals in 
man causes death within a very brief period. 

Indeed, out of the eighty cases collected by this investiga- 
tor, death occurred within a period ranging from a few hours 
to three days in fifteeen. In all of these the pathological data 
given show that both glands liad been the seat of the haiinor- 
rhagie process: of ^^suprarenal apoplexy,^’ as he terms it. Ten 
of these cases, liowever, lose some of their value as testimony 
because no allusion is made to the condition of the other or- 
gans. In the other five, including details that we have obtained 
from the original reports, it is specifically stated that lesions 
were found noivhere else m the organmn. To the following tabu- 
lated list of these eases I have added two instances of the same 
kind (Andrewes and Colmaii) : — 

Case 1 (ArnaiuP"'). — Afale, 36 years. Death occurred 48 
hours after entrance. Both glands were apoplectic and greatly 
enlarged. One weighed 281/2 grammes; the other 48 grammes. 
Both when cut resemljled flesh, and were studded with ha)m- 
orrhagic foci and sj)()ts of luematamatous organization indi- 
cating a progressive lesion of long standing. A small amount 
of medullary substance war still present in the right capsule, 
but otherwise the organs were structurally destroyed. 

Case 2 (Aniaud“^). — Female, 17 years. Death occurred 
suddenly on the eleventh day after the receipt of a bum on 
the arm; the symptoms suggested acute poisoning, but the 
autopsy revealed haunorrhage into the right capsule and con- 
gestion of the left. 

Case 3 (Andrewes^^). — Female, 15 months. Death 36 
hours after onset of symptoms. Both capsules showed inter- 
stitial hsemorrliage. All cultures were sterile, or, if any or- 
ganisms were present, not one grew on ordinary media or 
stained with ordinary reagents. 

Case 4 (Mattci^^). — Male, aged GO years. Death in 24 

’“Arnaud: Archives O^n^rales de M^declne, pp. 16 and B3, July, 1900. 

^®Ariiaud: Archives Gdn^ralcs de M6declne, p. BO, July, 1900. 

Andrewes: Lancet, May 7, 1898. 

Mattel: Lo Sperimentale, 1863. Case I in Trans. Gaz. hebdom., Paris, 
No. 35, p. 380. 
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hours after onset of acute symptoms. Both capsules were en- 
larged, and transformed into bags containing clots surrounded 
by the cortex, which had thus been forcibly detached from the 
medullary substance. 

Case 5 (Garrod and Drysdale^*^). — Case, aged 4 months. 
Brought into hospital dead. Both glands dark-purplish red, 
though not enlarged ; meshes of stroma filled wdth red corpus- 
cles. 

Case G (Droiibaix-®). — Case, 11 hours old at onset of symp- 
toms. Deatli in days. Ihemorrliage into both organs, with 
infiltration into tlie pericapsular cellular tissue. 

Case 7 (Colman-^). — (hise, 11 montlis. Death in about 
25 hours. Botli capsules sliowed diffuse interstitial haemor- 
rhage, and cultures |)roved sterile. 

Strongly sugg(estivo, also, is the fact that, of the seventeen 
cases of com])aratively sudden death, fifteen showed suprarenal 
apoplexy in both organs, while two only showed involvement of 
but one organ. 41iesc tvvo instances might invalidate the evi- 
dence adduced, could the sudden death in them not be shown 
to have been due to other causes. But sucli is the case: In 
the one (Parrot’s-- case N*o. 11) the luemorrhagic adrenal had 
ruptured, and the patient died of luemorrliage into the peri- 
toneal cavity; in the other (Droubaix’s-'** case No. 9) death 
had resulted from uraemia, due to granular and cystic degenera- 
tion of the kidneys. 

Additional evidence is afforded by the fact that complete 
destruction of but one adrenal proves harmless to man, as it 
does in animals. The results of operative procedures insti- 
tuted for the removal of suprarenal neoplasms prove tliis to 
be the case. A lipomatous capsule, for instance, was removed, 
along with a wedge-shaped piece of underlying kidney, by Mayo 
Robson^^ in 1897. ^The wound healed by first intention and 
the patient rapidly regained her lost flesh and strength. She 
remains well, and had had no return of the trouble.” This 


’•Garrod and Drysdalo: Lancet, May 7, 1898. 

•• Droubalx: These de Paris, Case I, p. 28. 

Colman: Lancet, May 7, 1898. 

Parrot: Archives G€n#rales de M6decine, vol. xeix, 1872. 
” Droubalx: Thfese de Paris, 1887. 

•*Mayo Robson: British Medical Journal, Oct. 21. 1899. 
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report was published almost two j^ears after the operation. A 
fibromyxosarconialous adrenal was removed, along with the 
entire right kidney, by Howard A. Kelly. The case proceeded 
to full recovery notwithstanding the malignant nature of the 
growth. A tuberculous adrenal and the right kidney were also 
removed by A. P. Jonas/-® The patient was discharged six 
weeks later in full convalescence. Finally, Knowsley Thorn- 
ton-^ removed a sarcomatous gland from a woman aged 56 
years. The patient was seen six years later and found in good 
health. 

This does not moan, however, that a diseased gland may 
not cause death. In this particular tlie adrenals are similar 
to any other organ. A rapidly growing sarcoma or a carcinoma 
may start in one of tlic organs, develop by .metastasis elsewhere, 
and cause death. Tiibenudosis frequently finds a nidus in 
either adrenal or both simultaneously; this process, along with 
the astlu'iiia engendered by the suprarenal disease, may rapidly 
end in death. Again, when we consider the frequency with 
whieli fatty degeneration is found in these organs when micro- 
scopically examined, — thirty-six times out of one hundred 
autopsies tiiken at random, according to Arnaud,^” — it would 
certainly be unwise to establish such limits. 

But this also suggests that death may thus follow any 
destructive process (laemorrhage included) of a single adrenal, 
if the functions of its mate are sulliciently inhibited through 
a local lesion or by a morbid condition involving its peripheral 
vascular or nervous supply. Indeed, the anatomical relations 
of these glands indicate that their functions are primarily de- 
pendent upon the integrity of those trophic structures. The 
multitude of nerves distributed to them include medullated 
fibers from the solar ])]oxus, the sympathetic^s densest net- 
work. DogicP’* states that the internal zone of the cortex is 
surrounded by a more or less dense fibrillary plexus, and that 
the medullary substance is provided with an extraordinary sup- 


^^ITownid A. Kelly: Quoted by Ramsay, Johns Hopkins Hosp. Bull., Jan., 
Fob.. Mar., 189!*. 

A. P. Jonua: Annals of Surgery, April, 1898. 

^"Knowsley Thornton: Harveian Lectures. 

Arnaud: Lne. rit,, p. fi. 

s^Dogiel: Archiv f. Anatomle u. Physiologic, p. 90, 1894. 
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ply of nerves. lie likewise found the aggregate of these nerve- 
fibrils to be greater than that of the glandular elements pro[)er. 
It seems evident, therefore, that any organic lesion affecding 
or involving the peripheral nerve-struet vires of one organ — 
tuberculosis, cancer, etc. — can so coTuproniise its functions as 
to make it practically useless if suddenly called upon hv h:em- 
orrhage into its mate to assume the ])hysiological role of both. 

All these facts appear to demonstrate that in man, as w(‘ll 
as in the lower vertebrates, life continues as long as one of the 
adrenals is normal, or, at least, as long as any morbid condition 
affecting this organ intrinsically or extrinsically is not sutri- 
ciently advanced to materially compnanise its physiologic^al 
functions. But, as is also the case in lower vertebrate's, man 
soon dies if the physiologie^al functions of both organs an* ar- 
rested through any intrinsic or extrinsic <Iisord(‘r, unless some 
compensating organ or condition lx* viciiriously active. It 
seems evident, therefore, that the jflnjsioJafjirnl fnne/iojts of the 
adrrnols are suflieirnti t/ sim ilar in all reriehrairs lo irarntnl Hi a 
use of experimcninl data obtained with lower animals in the study 
of these oryans in man. 


FUKCTTOXS OF TTIE ADTIKNAT.S THAT AIIK SUPPRESSED 
WHEN THESE OPvCJANS ARE IHOMON ED. 

Cybulski and Szymonowic//'’’ found that blood drawn from 
the suprarenal vein gave rise, when inject(*d into tlx; blood- 
stream of normal animals, to manifestations similar to those 
observed after tlie injection of siijniinaial (extract. As a con- 
trolling experiment, these observers also injvicted blood taken 
from veins other than the supranmal, but witli lUigative results. 
Langlois^^ corroborated these observations as ix'gards th<* ef- 
fects of blood obtained from the supraixnal vein. Dreyer*- 
reached the same results, though not in all animals: a feature 
of his experiments easily accountc'd for by the known fact, ap- 
plicable to all glands, that the amount of substance produced 
by the organs may vary at different times and under different 

Cybulski and Szymonowicz: Lon. nit. 

‘^Langlois: Archives de Phys. norm, et path., p. 152, 1897. 

*2 Dreyer: Am. Jour, ot Physiol., vol. ii, p. 203, 1890. 
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circumstanees. This obviously suggests that the morbid phe- 
nomena witnessed after extirpation of the adrenals are due to 
the absence of a substance jjrodiiced by these organs and se- 
creted into tlie adrenal veins. In iiis recent work, Swale Vin- 
cent’'^”^ states. that considerable evidence attests to the fact that 
“it passes by way of the adrenal veins into the general circu- 
lation.^^ 

Not only do the adrenals produce the blood-pressure-rais- 
ing substance the lac'k of which accounts for the symptoms that 
follow bilateral removal, but the secretion of these organs alone 
possesses the ])roperty of arresting these symptoms. Cybulski'^^ 
found exi)eri mentally that the increase of blood-pressure and 
other cardio- vascular manifestations, etc., could not be ob- 
tained fro?n similar prx'parations from the brain, spinal ganglia, 
l^'mjjh-glands, liver, spleen, kidney, testicle, or thyroid, llan- 
kow'sky‘'‘ corroborated these observations and noted that the 
blood-pressure-raising power was peculiar to the suprarenal 
extract, his exi)eriments having also shown that this action 
could not be obtained from The fresh thyroid gland, pancreas, 
lymphatic glands, parotid, kidneys, liver, spleen, cerebrum, heart, 
or skeletal muscles. 

An extract ol)tained from human adrenals possesses similar 
properties to the preparations in general use. This important 
fact was as(‘ertained by (Juinard and Martin, of Lyons, who 
conducted a series of experiments with the adrenals of a 
healthy executed criminal. Exi)ressed juice of these gfands 
“produced physiological phenomena similar to those noted with 
the extracts from organs obtained from otlier animals. The 
nature of the poisons contained in them did not appear to 
differ.” 

The following conclusions appear warranted : — 

7. Removal of hoik adrenals arrests the fnipply of a secretion 
which these organs ponr into the adrenals, 

2. The secretion of the adrenals gives rise to physiological 
phenomena which are not awah’ened hy extracts of other organs, 

Swalo Vincent: “Internnl Secretion and the Ductless Glands,” p, 2^12, 191.3. 

Cybulski : vit. 

Mankowsky : Russian Archives of Physiology and Bact., March, 1898. 

Guinard and Martin: Journal de physiologle et de path. g6n^r., 1899; 
Archives g6n6rales de m^decine, Oct., 1899, 
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EFFECTS OF THE ADRENAL SECRETION ON THE CARDIO- 
VASCULAR SYSTEAr. 

The Adrenal Secretion and the Cardiac Muscle. — 
While removal of both adrenals is followed by a great fall of 
blood-pressure and very feeble and rapid cardiac action^ intra- 
venous injections of suprarenal extract invariably cause marked 
increase of the blood-pressure and equally jnai-ked slowing of 
the heart-beat. The blood-pressure increase thus appears to be 
due to the direct effect of the specific sii])rarenal principle; 
but to account for the slowing of cardiac action we are led to 
implicate the inhibitory action of the vagus. If the bulbar 
center of tliis nerve be paralyzed l)y atropine, however, or the 
vagus itself ))e cut, tliis inhibition ceases and (piickening of 
the heart-beat follows, accompani(‘d by a still gi*eat(.‘r increase 
of blood-pressure. Oliver and Schiifer found'”' that the inhib- 
itory action of the vagus under the infliumcT of adrenal extract 
was sufficient to arrest the auricles for a time, the ventricles con- 
tinuing to (contract slowly. 

Mooted points have arisen in this connection that liave 
entailed considerable divergence among jihysiologists ; and, 
curiously enough, when the various views entertained are 
analyzed, none of them seem to harmonize with available ex- 
perimental data. 

Cybulski,'''^ after a series of careful exjierimenls, reached 
the conclusion that suprarenal extract a(ded upon the vaso- 
motor centers of the medulla and spinal cord, first stimulating, 
then paralyzing, them. Oliver and Schiifeiv'^^ aft(*r equally 
careful experiments, concluded that the extract caused powerful 
constriction of the arterioles by a direct action on tlieir walls, 
and stimulated the inhibitory center. To this they ascribed 
the slowing of the heart observed before the vagi wore cut, 
and physiologists have generally accepted the conclusion that 
the inhibitory center is stimulated. Indeed, even the more 
recent — and carefully conducted — physiological researches have 
sustained this opinion; Wallace and Mogk,*'® for instance, were 


** Oliver and Schafer: Journal of Physiology, xvlM, 

*^Cybulski: Gazeta Lekarska, March 23, 1895. 

Oliver and Schafer: Journal of Physiology, vol. xvili, p. 230. 

^Wallace and Mogk: American Physiological Society Proc., Dec. 28, 1898. 
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led by unquestionable experiments to conclude that the supra- 
renal extract stimulated the vagus center, thus inhibiting the 
heart. 

A second set of divergent views refers to the nervous 
structures involved when the heart is separated from its in- 
hibitory center by section of the vagus. The influence of the 
extract, in this connection, is ascribed by Mankowsky*® to 
stimulation of the cardiac and respiratory centers; by Gott- 
lieb,^^ to the direct stimulating eflects of the substance upon 
the intrinsic cardiac ganglia; by de Cyon,^^ to some action upon 
the vasoconstrictor nerves and simultaneously upon the central 
and peripheral ends of the cardiac accelerators; by Velich,^® 
to stimulation of the vasoconstrictors; and finally by other 
observers to various more or less complicated combinations 
which all include some part of the nervous system as the seat 
of primary etfect. By inference, therefore, we are led to look 
upon this system as the one upon which the specific principle 
of the adrenals acts physiologically. 

A leading question, which embodies the divergent views of 
Cybulski, on the one side, and Oliver and Schafer, on the other, 
resolves itself into this: Does the suprarenal active principle 
act at all upon the inhibitory centers? 

It may prove useful in this connection to recall that, ac- 
cording to prevailing doctrines, the functions of the heart are 
governed by two sets of nerve-fibers. The one set, derived from 
the sympathetic, increases the vigor of the heart-beat and tends 
to quicken the number of beats in a given time. The other 
set, which arises from the vagus, inhibits the vigor of the 
heart-beats and their rate or rhythm. Both these ^^augmentor^^ 
and ^‘inhibitor^^ fibers receive their impulses from the medulla 
Oblongata and from a limited area of the upper portion of the 
cord, and represent the external, or extrinsic, motor-supply of 
the organ. Again, the medulla and the spinal area referred to 
receive impulses — including reflex impulses — from all parts of 
the organism, including the heart proper, and there is thus 

Mankowsky: Russian Archives of Pathology, Clinical Med., and Dact., vol. 
V, No, :i, March, 1898. 

Gottlieb: Archiv fur oxp. Path., Bd. xxxviii, 1896. 

Do Cyon: Pfltiger’s Archiv fiir Physiol., vol. Ixii, p. 370, 1898. 

" Vclich: Wiener med. Blatter, Nov. 11, 1897. 
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established a cycle of afferent and efferent impulses of which 
the medulla and the portion of the cord immediately below it 
represent the center. The effects of destruction of these 
structures can easily be foretold. As shown by Strieker nearly 
forty years ago and by other physiologists since, extirpation 
of the cervi(!al and dorsal portions of the cord causes arrest 
of the heart’s action. When to this is added destruction of 
the medulla, the certainty of immediate death is but enhanced. 
Again, certain agents — chloral hydi’ate, for instance — are 
known to abolish the functional activity of tlie cord and to 
affect the heart as if the vagus had been severed. 

Applying these classical data to the (piestion in point, it 
becomes evident that, if the inliibitor or anginentor centers 
were directly or reflexly stimulated by suprartmal extract, the 
effects of extirpation of tlu‘se centers or of the cord would 
not be counteracted by its use since i/iere woidd be no center to 
receive and transmit impulses. The arrest of the heart’s action 
would therefore be permanent. 

But experiments have shown that the injection of supra- 
renal extract at once causes this organ to resume its l)eat not- 
withstanding total extirpation of the entire cord. Thus, Biedl"*^ 
cut the medulla oblongata and removed the entire cord of 
mammals; and, when the blood-pressure had become reduced 
to 9 millinuders, injected suprarenal extract. This at once 
brought up tlie pressure to KiO millimeters. Gotti ieb'*''" chlo- 
ralized rahlnts until the heart-beats l)ccame irregular and ex- 
cessively slow. An injection of suprarenal extract at once 
restored the regularity and volume of the pulse, lie tried 
the same experiment wlien the pulse was no longer registrable 
by the manometi;r; a similar result was obtained, and the heart 
almost immediately resumed its nonnal action. Isaac Ott"*^* 
etherized a rabbit, cut the cord above the atlas, severed all 
the cardiac nerves in the neck, and verified the section of the 
cord post mortem. Injections of suprarenal extract were then 
used repeatedly as soon as tlie pressure became greatly lowered. 
They brought it up from 24 to 144 the first time, from 17 to 


**BIedl: Wiener kiln. Wochenschrift. Bd. lx, 1896. 

“Gottlieb: Archlv flir exp. Path, und Phar., Bd. xxxviil, 1896. 
Isaac Ott: Experiment No. 11. Medical Bulletin, Jan., 1898. 
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134 the second, and from 24 to 124 tlie third time, the interval 
between the injections of extract and the highest-pressure marks 
ranging from fifteen to thirty seconds. 

These experiments, to whicli others of a similar kind could 
be added, speak for themselves. They distinctly show that, con- 
trary to the conclusions of Cylmlski, Wallace and Mogk, Man- 
kowsky, Gottlieb, and other observers, the inhihitory centers are 
7 iot directly stimulated by the siqrrarenal extract. 

And, indeed, their conclusion is apparently justified, if 
removal of the medulla and cord is left out of consideration, 
and with injections of sni)rarenal extract as an only guide. In 
otlier words, to the (juestion — does suprarenal extract directly 
afiect the cardio-inliibitory centers? — an affirmative experi- 
mental result on injecting it into mammals — slowing of tlie 
heart — would always be obtained, while the crucial test — sec- 
tion of the vagus — would at once confirm the conclusions pre- 
viously reached by causing great increase in the rapidity of 
tlie heart’s action. But division of the cardiac nerves in the 
neck, including the vagus, and of the cord in no way preventing 
the action of the extract-, the only logical deduction that imposes 
itself is that the suprarenal extract exercises a siimulating actum 
directly upon the cardiac muscle irrespective of any action upon 
the inhihitory centers. 

The Adrenal Secretion' as Constrictor of Muscular 
Elements. — The last deduction implicates other phases of the 
cjuestion. Prominent among these is the effect ascribed to 
suprarenal extract upon tlie vasomotor system by various physi- 
ologists and clinicians. Is there any such action? Veins — 
which are but little, if at all, influenced by the cardiac impulse 
in respect to their rhythmical changes of caliber, the blood 
before reaching them having to penetrate the capillary system 
— are distinctly contractile. This may be clearly seen by 
examining the great veins opening into the heart, and in those of 
bat’s wings. ^^Although,’^ to use Foster^s’*'^ words, "similar rhyth- 
mical variations, also possibly due to rhythmical contractions, 
but possiWy also of an entirely passive nature, have been ob- 
served in the portal veins, very little is known of any nervous 
arrangements governing the veins.’^ Granting that veins 

Foster: “Text-book of Physiology,” 1896. 
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arc not endowed witli a vasomotor supply, wo find that they 
nevertheless contract under the influence of suprarenal extract. 
Szymonowicz'*'* observed that the pressure rose and fell in the 
external jugular vein, along with the pressure caused in the 
arteries by injections of tliis substance. Auld**” states that, when 
suprarenal extract was injected into a vein ‘Svliich had been 
clamped as high as practicable, on releasing the vein after a few 
minutes a marked diminution of pressure was recorded as com- 
pared with that produced by injection into the free vein/^ This 
shows a direct action on the vein wdiile the extract was held in 
situ by clamping. While it is difliciilt to account for the gmeral 
increase of vascular pressure caused by tlie extract without in- 
cluding vasomotor nerves in the process, a direct action upon the 
vascular muscles themselves might underlie the result attained: 
a question which can only be elucidatc'd by strijiping the vessels 
of all their nervous conn(‘ciions and then watching the efl'ects 
ot‘ the extracts. This ]U’oc<Mlure has Ixuai resorted to by Oliver 
and Sehafeiy’*' and these jihysiologists have shown that a vessel 
will contract after all the nerves to it are cut. hlven a freshly 
excised vessel- — one, therefore, obviously freed of all nervous 
influence — will respond to the contracting elfects of an acpieous 
solution of suprarenal extract, and, if a lai-ge vess(‘l be used for 
the experiment to render tlie change of caliber more appreciable, 
the diameter will be found reduced nearly one-sixth. Further- 
more, these investigators^’^ have found that it acts dir(!ctly on the 
muscles of the blood-vessels, and that this action o(*curs equally 
well after sedion of the cord. As we have sihui, destruction of 
the adrenals or annihilation of their functions is followed by 
extreme muscular weakness; this norfually led them to the 
conclusion , that all varieties of muscle — the striated, non- 
striated, and the cardiac muscle (wliich histologically partakes 
of both kinds of muscular tissue) — are stimulated by the ex- 
tract. 

Observing also that the latter caused a ra[)id increase of 
blood-pressure, and that it gave a steep rise to t!i(! kyrnograph- 


“ Szymonowlcz: Archlv fiir die gesam. Physiol., IM. Ixlv, 1896. 
*»Auld: British Medical Journal. June 3. 1899. 

Oliver and Schhfer: Journal of Physiology, vol. xviil, p. 426. 
p. 230. 
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curve, they concluded that there had been a strong constriction of 
the small arteries: strong, in their sense, meaning the relative 
constriction as compared to that of otlier vessels. This is fully 
ac'counted for by the greater relative supply of muscular tissue 
in these peripheral vessels. As is well known, arteries are 
endowed with a coat of muscular fibers, whicli assumes in- 
creased thickness and relatively greater mechanical power as 
the capillaries are approached ; so that in the smaller arteries 
the mus(ailar layer is relatively quite thick. All tlie work done 
in recent years has em|>hasized the fact that the adrenal active 
princifde enhances the tone of ])lood-vessels, chiefly that of the 
arUrioles:'^^ thougli not of the coronaries or pulmonary vessels. 

'idiat all organs are similarly aifected owing to their vas- 
cular su})ply was also shown hy Oliver and Schafer by means 
of tlie ])letliysmograph, not alone the limbs, but such organs as 
the spleen and the kidney being contracted from 20 to 25 per 
cent, after intravenous injections of the extract. These ex- 
j)eriments also showcnl that great vascular constriction in the 
splanchnic area was caused. V^eins, we have seen, are likewise 
constricted by suprarenal extract ; tliey also contain muscular 
libers in their thinner walls. Although the su])ply of muscular 
elements is less imj)()rtant than in the aiferies, this is, to a 
d(*gi‘ee, compensated by the greater lumen. Tliat the entire 
vascular system of the organism is thus acted upon by the 
suprarenal specific princi})le, owing to the musmilar tissues which 
it contains, is beyond question. 

(^an we conclude from these data that the vasomotor center 
is never influenced by the suprarenal extract? As will be shown 
later on, the secretion of the adrenals and adrenal extractives 
enhance metabolic activity in living cells, including vascular 
elements. Their action on vessels is thus independent of any 
upon the vasomotor center except in so far as their influence 
on general metabolism is concerned, in which case this center 
would merely be stimulated along with all other tissues. 

Briefly, Schiifer’s statement that ^The intravenous injection 
of suprarenal extract produces a powerful physiological action 
upon the muscular system in general, but especially upon the 
muscular walls of the blood-vessels, and the muscular wall of the 
Swale Vincent; “Internal Secretions and the Ductless Glands.’* n. 164. 

1010 * 
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heart” may be accepted as the basis of the conclusion that supra- 
renal extract causes cardiac and vascular contraction by stinin- 
lating directly ike muscidar elemenis of ike heart and vessels, 
and niainty the arterioles. 

Action of tjik Adrenal Secretion upon the 
— The additio]! of a given proportion of glandular sul)stiin(*e to 
the aggregate contained in the organism, or tlie removal of some 
by aii}^ method, should involve a corresjamding augmentation 
or a diminution of the normal mani Testations that re])resent 
suprarenal functions, whatever these may be. I'he injection 
of suprarenal extract, we have seen, ]> reduces a rapid and 
marked inci’ease of blood-pressure. W hen, therefore, we speak 
of stimulating tliese structures we imply contraction of tlie 
Tiiuscular fibers and a])|)roxi]nation of the vascular walls toward 
the center of tiu; bl(»od -stream and as a corollary, increased ten- 
sion in the veins, with resistance to, and slowing of, the con- 
tractions of the right ventricle. Biedk*'' states in this connec- 
tion : “1'he full action of adrenalin may, ho\vov(‘r, be observed in 
the mammalian heart in siln after the vagal ttnmiinals have been 
paralyzed with atro])ine. There is, as a rule, a further accelera- 
tion of the contractions and there is, especially, a stronger 
ventricular systole which is well seen by registering the contrac- 
tions or by means of a plethysmograph. '^^rhis incr(‘ased cardiac 
activity is the result, not of improved circulaiory conditions 
arising out of the heightened blood-pressure, but of the direct 
action upon the heart of the substance itself, ^rhus, the intra- 
venous injection of suj)rarenal extract will bring back life into 
an animal poisoned with cldoral, in which tlie action of tlie heart 
is almost or entirely obliterated. The injection is followed by a 
progressive increase in the rapidity and power of the contrac tions ; 
the blood-pressure, which had fallen to nothing, rises; and, after 
a second injection, the heart i*esumes its normal activity which 

is maintained The action of adrenalin may also be 

observed in hearts which have been removed from tlic living 
body. Oliver and Schafer exf^erimented with isolated frogs^ 
hearts through which nonnal saline solution was allowed to cir- 
culate. They found that sufjrarenal extract produces spon- 
taneous contraction in a motionless heart; in the case of a feebly 

Biedl: “Internal Secretory Organs,” p. 200, 1013. 
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beating heart, tlie beats become stronger and more rapid, the 

irregularity disappears, and rhythm is restored Hering- 

Jlo(*k found that an increase in the pulse-rate and a stronger 
cardiac contraction also followed the employment of adrenalin in 
the isolated cardiopulmonary circulation.” Briefly, these facts, 
whi('h summarize the observations of a larger number of experi- 
menters clearly show that an excess of adrenal extract in the 
Mood incrcMses the con tractile poiverof the cardiovascular system. 

Under these conditions, it seems evident that the blood tends 
to gravitate toward the periphery. 

PUNCTIOXAL HELATrONSIIIP BETWEEN ArTERIES AND 

Their Captllaihes Under tife Inpluence the Adrenal 
Si^CRETioN.— The very marked contractile power that supra- 
renal extract also possesses over the cardio-vascular muscles plays 
an important indirect role in the organism which seems to have 
been overlooked so far : i.e., that, since capillaries are not sup- 
plied with muscles (their icalls consistiny of endothelial plates), 
they are not contraHed as are arteries and arterioles. 

This embodies two kindred prominent features of pathol- 
ogy: i.e., the fact that when vessels supplied vnih a muscular 
coat contract their capillaries dilate owing to the increased pres- 
sure to whi('h the arterial contraction gives rise within the latter, 
while tlie opposite relative mechanism — ivhen vessels supplied 
with a muscular coat dilate their capillaries contract — prevails 
owing to the resiliency of the latter when the blood in them 
recedes. In other words, while, in the first case, the blood is 
crowded outwardly, in the second it is crowded inwardly. 

The physiological importance of these i)ropositions will be 
shown in subsequent chapters, but their bearing and soundness 
seem sustained by the fact that they alone, of all solutions so 
far advanced, can satisfactoi'ily explain an experimental phe- 
nomenon — a true suprarenal paradox — encountered by Lan- 
glois and Charrin in the course of their earlier laboratory 
work."*- These observers, in order to study the action of supra- 
renal substance upon toxic agents and toxins, injected equal 
doses of virulent cultures into two groups of guinea-pigs, the 
animals constituting one of the groups having each been de- 
prived of one suprarenal gland. The group of normal animals 

“ Langlols and Charrin : Comptes-rendus de la Socidtd de Blologie, July 10, , 
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lived altogether 138 hours that of mutilated animals 150 
hours. Several experiments of the same kind were performed; 
invariably did they find that the animals from which one gland 
had been extirpated lived longer than those left in their nor- 
mal condition. The differential contractility of vessels and 
capillaries referred to render this phenomenon a normal con- 
sequence under the circumstances: The caliber of the muscular 
vessels, veins, and arteries of the mutilated animals having 
become enlarged and their walls relaxed by the loss of supra- 
renal stimulus, engorgement of the larger trunks occurred, and 
caused depletion of the remote capillaries, including those of the 
central nervous system. The virulent toxins inje(d;ed producing 
their main primary effecds upon the lalier, and, the quantity 
of toxic blood transported to Ihem in a given time Ixdng smaller 
than in a normal animal, tiie longevity of the latter was pro- 
longed in proportion. 

I shall frequently refer in subse<|uent chapters to this 
relative behavior of vessels under the effects of su[)rarenal 
secretion or extract. We will see also that it is an important 
feature, not only of tlie physiological action of certain drugs, 
but also of various toxins, that of the pneumonia bacillus, for 
example. The conclusion, therefore, that vessels supplied with 
a muscular coat and capillaries are antagonistic in conlrao 
tion and dilalion is only submitted as a ])ostulate for tlie time 
being. 

TOXINS, POISONS, VENOMS, AND DRLTGS IN LARGE DOSES AS 
INllllMTORS OF ADRENAL FUNCTIONS. 

Analogy suggests that, besides the normal standard of supra- 
renal activity, there must be inadequate activity, physiological 
to a certain extent, but pathological when extremes are ap- 
proached. Pending considerable testimony to tins effect it is 
sufficient to recall that insufficiency of the adrenals is now 
recognized as a clinical entity. We have seen tliat haunorrhage 
into both adrenals can cause death, and we shall see presently 
that various poisons likewise cause, mainly by variations of the 
blood-pressure, cessation of the adrenal functions. Is this result 
due to direct annihilation of the latter by the poison, or must 
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it be ascribed to some indirect factor, sucli as tlie variations of 
general blood-pressure, caused, as is well known, by .many 
poisons, including certain toxins, and which must necessarily 
affect the adrenals as well as other organs ? 

This question may perhaps be elucidated by trying to ac- 
count for the laemorrhages that occur as a complication of local 
disease. These at first seem to afford a ready answer, since the 
vast majority of them are traceable to organic lesions of the 
glands that practically annul tlieir efficiency by destroying the 
greater part of their substance. Partial destruction of the 
organs and corresponding loss of activity follow each other 
so logically that any conclusion other than that, in accord with 
the prevailing view, all poisons, toxins esjiecially, act morbidly 
upon the adrenal tissues per se would seem unwarranted. And 
yet w(i have in (*erel)i‘al laemoi'rliagc or ^‘apoplexy^^ evidence to 
the effivt that adrenal luemorrliage, which Arnaud termed 
“adrenal apo))lexy,” might also be due to high general blood- 
pressure, with rupture of the adrenal vessels, particularly when 
these vessels are diseased. Again, poisons being carried to all 
parts of the organ we should, if their action were direct, find 
the lesion in the functional cellular elements throughout the 
entire organs. Not only is tins not tlie case, but the lesions 
are essentially vascular. 

Wliile studying the pathological histology of suprarenal 
hjcmonhage, Arnaud found that it was not in the medulla 
projier, as generally believed, that these luemorrhages occurred, 
but in the tissues of the internal cortical zone. In emphasizing 
this fact, iie states: ‘Mt is at tliis point that the mpillariefi 
tear under the inf/uence of a poiverful congestion. When the 
hauviorrhage is important, it is due to rupture of one of the 
hranches of the capsulcu^ vein at any point of its walls, and 
occurs into the medullary substance or into the central con- 
junctivo-vascular sheath. The medulla proper may be re- 
spected to the last, either a capillary peripheral to it, or some 
part of the intrinsic portion of the vein — probably weakened 
by the local disease — constituting the yielding structure. Fur- 
thermore, Nature seems to protect the last vestiges of the med- 
ullary substance even after a localized haemorrhage. This is 
suggested by the fact that Arnaud found in such areas evi- 
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dent signs of organization, at times indicating a local inter- 
stitial inflammatory process, at otliers a retrogressive meta- 
morphosis recalling tliat observed in luematomata. Briefly, 
using his words: "‘The normal anatomical elements of the 
suprarenal gland inay be found in a more or less perfeijt state 
of integrity, either in the periphery of the growth or at one 
of its extremities.” Toxins would hardly be so selective. 

Further analysis of this question elicits the fact that the 
symptoms which characterize the progress of the primary or- 
ganic disease of the adrenals differ totally from those attending 
the haemorrhage proper. While the former may hardly cause 
suffering or he totally obscured by the signs of any concomitant 
disorder present, the symptoms attending hicmorrhage are par- 
ticularly violent and sudden, the patient abruptly screaming 
from excruciatingly intense pain in the abdomen, or dropping 
at once into apoplectiform coma from which he never rallies. 
Cerebral apoplexy does not furnish a more vivid picture of the 
overwhelming elTeots of haemorrhage. Yet liaunorrhagic foci 
in various stages of organization are found at autopsies. Thus, 
one of Arnaud’s cases suddenly fell into apoplectiform coma, 
and died in 48 hours; the only organs found diseased after 
death were the adrenals, which contained old Inematomata, 
and various more or less organized haanori'hagic foci which 
showed that local Inemorrhages into them had repeatedly oc- 
curred. The suprarenal substance was entirely destroyed ex- 
cepting a narrow zone toward the inferior edge of the right 
organ. The urine, during life, and the kidneys, after death, 
were found normal. Obviously we cannot well ascribe the 
acute symptoms to the primary organic lesion, since they aj)pear 
suddenl}^ practically without warning, and promptly lead to a 
fatal issue. Excessive, Le,, disruptive congestion again suggests 
itself. 

Confirmatory evidence is also afforded by the facts that, 
irrespective of infectious diseases, adrenal haemorrhage may be 
caus^ by cardiac and renal disorders in which high blood-pres- 
sure results from purely mechanical causes, and that, as is often 
the case, fatal adrenal hasmorrliage may occur irrespective of any 
evidence of local disease or the presence of any bacteria. This 
is well shown in Andrewe^s case, referred to» on page 6, in which 
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neither cultures nor stains showed the presence of pathogenic 
organisms. 

There is good ground for the belief, therefore, that the 
prevailing view that poisons act directly upon the adrenal tissues 
does not always apply, ix,, that, besides the insufficiency of the 
adrenals caused by disease of these organs, there is a form 
brought on by the general blood-pressure tvhen this is sufficiently 
elevated (as in the course of some infections and intoxications) 
to cause intense congestion of the adrenals and rupture of some, 
of their blood-vessels. 

The morbid influence of high blood-pressure is all the more 
likely to manifest itself when part of the adrenals have already 
been destroyed by local disease — since the disruptive pressure is 
concentrated upon a smaller number of vessels — or when lesions 
of the vessels, atheroma, for instance, have diminished their 
power to resist centrifugal pressure. Important in this con- 
nection, however, is the fact that, contrary also to the prevailing 
opinion, there is ground for the belief that hypertrophy of the 
adrenal secretory tissues, which has been observed by Langlois, 
Charrin, Petit, Stilling, and others in animals (see page 36) 
under the influence of injected poisons, does not appear to exert 
any compensative influence when local disease has destroyed 
any part of the medullary zone of the gland. 

As shown by Langlois, Gourfein, and others, mammals con- 
tinue to live, wlion all but one-eleventh of their adrenals had 
been extirpated — or destroyed by cautery or disease we might 
add — that, unless some compensative action or some accessory 
organ be present, death occurs when this limit of normal ad- 
renal substance is reached. It seems logical, therefore, that, were 
the medulla itself capable of assuming compensatory activity, 
so large a supply for emergencies (the nature of which will be 
described later on) would hardly have been provided. If 
analogy be again accepted as guide, other organs do not com- 
pensate for what insulficicncy organic disease may produce in 
them by oveitaxing remaining normal structures; collateral 
chromaffin tissues, supernumerary or accessory organs, vicarious 
functions, and hypertrophy being all added elements, thus con- 
stituting either auxiliary resources per se or auxiliary resources 
plus compensative growth. Even in the case of the organs 
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of special sense, where the loss of one organ imposes all the 
physiological labor upon the other, the existing tissues are not 
overtaxed; they are brought to their highest proficiency by tlic 
increase of nutrition which the additional functional use in- 
volves. Whatever evidence we have, tlierefore, tends to show 
that the remaining normal structures of a diseased adrenal are 
not replaced by new adrenal tissue, and that they are increasingly 
exposed to disruptive congestion as the local morbid process 
advances. 

It is because of this that adrenal haemorrhage is observed 
with relative frequency in Addison^s disease. Moreover, Laba- 
zine°^ found experimentally that lesions of the adrenals showed 
that these organs possessed very little regenerative power. When 
large portions of the glands were excised no restoration of 
parcnchynia occuiTod. 

Toxics WHICH Produce Congestion or Venous Stasis 
IN THE Aduenals. — ^Thc list of disorders to which adrenal 
liamiorrliage has been attrihuti'd is steadily increasing. Pneu- 
monia, diphtheria, thmsh, variola, scarlatina, tuberculosis; 
meningitis, cancer, septiciemia, purpura, uraemia, asphyxia 
(toxic wastes), burns (toxk* wastes and detritus), typlioid, Jaun- 
dice and eclampsia seem, however, to stand out most prominently 
— all of which present as militant agent either a toxin or some 
toxic intermediate waste. The effect of burns is illustrated by 
Arnaud^s case, in which sudden death followed a burn of 
the arm. Andrewes’s case, in which death occurred 30 liours 
after the first symptoms of an acute disease which he thought 
bore some points of resemblance to haimorrhagic small- 
pox, also illustrates this class. In fact, instances siicli as 
'Andrewes^s have so often been noticed by clinicians that StilF’* 
has proposed a distinc't category of cases in which ^^after an 
acute illness lasting only two or three days, usually with a 
purpuric or bullous eruption, death occurs, ^^and the supra- 
renal lesion appears to he a part of the fatal issue.” 

That general intoxication can thus act as an original cause 
of haemorrhage has been shown experimentally. Thus, Eoger*'*''* 

“ Labazine: Arch, des Sciences Blologiques de St. Petersbourg, p. 249, 
vol. xl, 1905. 

“‘Still: Lancet, May 7. 1898. 

“Roger: Berliner klin. Wocheuschrift, Jan. 21. 1894. 
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found that inoculation of tlie guinea-pig with a culture of the 
pncuniobacillus of Friedlaiulcr was followed by profuse luem- 
orrhage into both capsules, the blood actually bursting through 
the great capsular vein, or causing necrosis of the surrounding 
elements by mechanical compression. Langlois^^^ also demon- 
strated that suprai'cnal Iiaunorrhage could be brought on by 
the bacillus pyocyancus. Charrin"*^ found that, by injecting 
diphtheria toxins into guinea-pigs, congestion — which in some 
instances reached tlie luemorrhagic stage — was not alone 
caused, hut he also observed that small doses used repeatedly 
and during prolonged periods caused hypertrojihy of the or- 
gans. Petit*""' also noted, after introducing Lblller bacilli in 
fishes in which the suprarenal structure is clearly glandular, 
that all the phases of excessive reaction could be brought on. 
ITaunorrhagic fo('i were found l)y VVybauw"**^ in the adrenals of 
a child which had died of broncho-pneumonia the result of a 
tracheotomy for croup. Kiesmann found the staphylococcus 
aureus and all)us, and llamill and Dudgeon the pneumococcus. 

That the functions of the adrenals are actually inhibited by 
these various pathogenic agencies has been shown in various 
ways. Mott and Halliburton, for example, found tliat after 
death from exliausting diseases the proportion of active principle 
present in tlie adrenals was either absent or greatly reduced. 
By ascertaining tlie relative jmoportion of chrornafTm granules 
in the adrenals of 50 adults who had died of various diseases. 
Bainbridge and Parkinson*'® wore al)le to note the absence of the 
agent in the medulla of the organs of cases which had died of 
infectious diseases, peritonitis, shock, or where a low blood-pres- 
sure had existed. Luksch*'®*^ ascertained the degree of functional 
distuj’bance caused in the adrenals by disease, by ascertaining 
the relative pressure-raising power of their extracts. While 
certain conditions, starvation, simple fever, did not show any 
.material change in this direction, various infectious diseases, 
uraunia and phosphorus poisoning, caused the extracts not to 
display the normal pressure- raising property. 

“Laiigloia: Le Bulletin Medical, Feb. 7, 1894. 

''"Charrin; La Senialne M^dicale, June 3, 1896. 

Petit: La Semalne M6dicale. June 3, 1895. 

®®Wybauw: Annales de la Socl6t6 Royale doa Sciences M6d. et Nat. de 
Bruxelles, vol. vi, Nos. 2 and .3, 1897. 

Bainbridge and Parkinson: British Med. Jour., May 11, 1907. 

Luksch: Wiener kllnische Wochenschrift, B. xvii. No. 14. April 6, 1905. 
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Of course, a certain proportion of these cases may be attrib- 
uted to exliaustion of the glands during the course of tlie 
disease. That the morbid effects are mainly due to excessive 
variations of the blood-pressure is suggested by the location of 
the organs, the richness of its blood-vessels, especially of its 
veins, the proximity of the inferior vena cava, which receives the 
blood almost directly from the gland on the right side. Tressure 
during labor ujion the inferior vena cava and the suprarenal 
gland, located, as tlu'v arc, between the liver antei’iorly and the 
vertebral column posteriorly, niay also give rise to congestion of 
the vessels of the ghands and result in haMUorrhage. 

Various drugs may bring on hypcjraunia, congestion, and 
luemorrhage of the suprarenal glands, as shown by Pilliet/’"’* wJio 
observed these phenomena after tlie use of nitrate of uranium. 
Essence of cloves has also been found capable of stimulating 
them to such a degi*ee as to bring on macroscojiically visible 
lesions. 

On the whole, the conclusion seems waiTantcd that so many 
toxic suhslances* cause adrenal hwmorrha<je llial a comuion clJect 
of all these poisons on the general hlood-prvssure, sujjiclent to 
cause active or passive congestion or venous stasis in the adrenals, 
is necessary to explain the genesis of this class of cases. 

Increaskd Functional Activity of the Adrenals as 
A Predisposing Cause of Adrenal U.kmorriiagi:. — '^^Fhe view 
that the adrenal specific principle itself possesses antitoxic 
powers has suggested to those who have acce])ted it the con- 
clusion that a high degree of toxamiia, by overtaxing tlx? organs, 
caused congestion, and, if this reached beyond certain limits, 
haemorrhage. This conception was mainly based on the view 
of Brown-Sequard, who was led, by the toxic effects of blood 
taken from decapsulated animals upon normal ones, to ascribe 
to the glands themselves a direct antitoxic function. It met 
with further support in the fact that violent toxiemia invariably 
follows the removal of both organs, and was therefore ac(*epted 
by many investigators. It was also maintained by Dubois,"^ 
who, having isolated toxic alkaloids from adrenal substance 
identical in some of their reactions with muscle-toxins, concluded 

Pilliet: Le Bulletin Medical, Feb. 7, 1894. 

Dubois: Archives de Physiologic norm, et path., vol. vili, 1896. 
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that the adrenals occluded products of organic waste and modified 
them in situ, but that they did not seem to secrete any special 
substance destined to enter the circulation. This view has not 
withstood any degree of close scrutiny. The destruction of 
poisons within the adrenals themselves involves the passage of 
the systemic blood through their cellular elements. When in the 
cadaver we note the relative dimensions of all the vessels within 
a narrow radius of the adrenals, it becomes apparent that the 
conditions are not such as to indicate a provision for the passage 
of the blood through these organs. Moreover, if the adrenals 
were intended to destroy toxics in the blood traversing them, the 
afferent channels would iiorinally contain blood from all parts 
of the organism and charged with toxic elements, while the 
efferent channels would convey the purified blood charged with 
the suprarenal secretion to the heart, ready for redistribution. 
Instead of this the afferent vessels receive their blood from the 
aorta, — arterial blood, — while the efferent vessels pour their 
blood into the vena cava. But, as shown by Alezais and 
Arnaiuh’^ in 1890, this blood is also arterinl. We thus have a 
short arterial circuit, or loop, which, besides furnishing the 
adrenals their intrinsic and functional blood-supply, evidently 
has for its ])ur|)ose tlie immediate return to the general cir- 
culation of a small (piantitv of arterial blood charged with what 
Claude Bernard (ISO?) has well termed an ^finternal secretion.” 

More in keeping with exj)erimen tally established facts are 
the views which attribute to the secretion itself, when in the 
blood-stream, the antitoxic functions referred to. Thus, 
Abelous and Langlois,**'* after a series of careful experiments, 
reached the conclusion that their normal function was to 
elaborate an internal secretion capable of neutralizing or de- 
stroying the poisonous substances resulting from muscular 
contractions: a fact further demonstrated to them by the 
mitigating effects of injected suprarenal extract. Some years 
later these obseiTcrs'*'^ amplified their views and concluded that, 
after removal of both adrenals, there was a true auto-intoxi- 
cation, the animals generating poisons which were normally 

Alezais and Arnaud: Quoted by Arnaud, Zor. cif., p. 34. 

** Abelous and Langlola: Archives de Physlologie norm, et path., vol. lil. p. 
267, 1892. 

Abelous and Langlois; “Travaux de Laboratoire/’ Lanceti Aug. 20, 1898, 
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either destroyed or changed in the interior of the glands or 
by material formed by the organs and poured into the blood. 
The poisons, they thought, were probably products of muscular 
activity and also of bacterial origin, and exerted a special in- 
fluence on the heart and circulatory system, llosse*'® also be- 
lieved that the adrenals produced a stimulating substance and 
•that they could simultaneously neutralize poisons formed in 
various parts of the organism. 

Beasoning by analogy, we can surmise that ihe metabolism 
of the organs is principally maintained by the passage of blood 
through them and that the internal secretion represents the 
physiological j)roduct of their metabolism. Urnh'r these (dr- 
cumstances, the quantity of blood in them at a given time 
would stand as the controlling factor, the quantity of active 
principle secreted into the general circulation Ix'ing propor- 
tionate to this quantity. Have we any ground for the belief 
that the circulation alone may keep up the suprarenal func- 
tions? The ex|)erinients of Soddu’*’^ seem to throw light upon 
this question. In order to ascertain the role of the suprarenal 
peripheral nerves, this investigator isolated the glands of sev- 
eral dogs from their external connections, leaving only the 
blood-vessels. Although eight animals \\x;re submitted to this 
operation, none died, and all, after a few days, were in tlieir 
normal health. It is evident that, if tlu^ blood alone can thus 
sustain the life of the organs, an increased flow ijito them — 
under, perhaps, the influence of toxic blood upon the centers 
of their nerve-supply — will involve a corresponding increase 
of functional activity. That very large or overwhelming doses 
of any poisonous agency should produce tlio contrary effect and 
arrest the functions of the adrenals by annihilating those of 
their center is suggested by the pathogenesis of suprarenal 
haemorrhage. 

Still, this involves the existence of an intrinsic nervous 
supply capable of producing an increased flow of blood into 
the glands under the stress of an acute toxaemia and a corre- 
sponding increase of vascular tension. By suddenly calling the 
suprarenal functions into violent activity, an excessive dose 


**®Mo88e: Fortschrltte der Medicine, No. 21, 1897. 
Soddu ; Lo Sperlmejitale, No. 2, 1898. 
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would thus paralyze them or cause what Arnaud has termed 
'^suprarenal apoplexy'’: Le,, intrinsic iiaiinorrha^^e. To ascer- 
tain whether such a nervous iiiHuence can exist, and, if it does, 
whetlier a poison can stimulate tlie glands through the latter’s 
nerve-suj)p1y, is necessary before further progress can be made. 

ItiedT'* studied tlie effects of various poisons, particularly 
atropine, to ascertain whether they influenced the character 
or. quantity of suprarenal secretion, and obtained negative re- 
sults. lUit can tliis he said to apply to all iioisons? A close 
iuialysis of tliis ])hysiologist’s work has led me to interpret his 
experiments in a manner that is not in accord with his con- 
clusion. lie states that he found blood-pressure to be increased 
in the organ by the interruption of artificial respiration. This 
interruption appears to me to point to an accumulation in the 
organism of prodiicl-s of metabolism, and therefore of poisons of 
a ( lass whicli stand out prominently as the basis of phenomena 
that promptly end in death. That products of metabolism may 
wdth justice be considered as toxic is shown by a detail in 
Langlois’s work, the importance of wliich does not seem to 
have attracted sufficient attention: WJiile decapsulated frogs 
died in 48 liours during summer montlis, they lived 12 days 
in the winter, i,G., during hibernation, when metabolic proc- 
esses are at their lowest ebb. It required a certain ratio of 
toxic elements to tlie boilv-weight to bring on the culminating 
})lienomena ; the "fatal dose” was made up in 48 hours, in 
summer, — i.e., when the full activity and projjortionate catab- 
olism pi'cvailed; the same relative dose could only be made 
up in six times 18 hours when hibernal lethargy reduced tissue- 
waste in proportion. Thus, Biedl’s experiments are not nega- 
tive in this direction, as lie deemed them to be. They appear 
to me to suggest that, as will be shown in these pages, all toxics 
do not influence the adrenals with equally marked activity. 

BiedI also found that, when the splanclinic nen^e was cut 
and tlie suprarenal brandies w^re stimulated, hyperaemia ap- 
peared in tlui organs. Howell refers to the striking evidence 
aJforded by the effects of electrical stimulation. If, after cut- 
ting the splanchnic nerve and introducing a cannula into the 
suprarc'nal vein, tlie blood is collected and the peripheral end 

«^Biodlr Pfltlger’s Archiv, vol. Ixvil, H. 9 and 10, 1897. 
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of the cut nerve is stinuihitcd, the quantity of blood obtained 
in a definite time is not increased, but it is found to contain 
more of tlie blood-pressure-raising substance: a fact which indi- 
cates that its secretory activity is increased, lie tliereforc con- 
cludes that the adrenals act as true glands, and that tlicv are 
provided witli a reflex mechanism corres|)onding to tliat of the 
latter. Biedl also expressed his conviction tliat secretory 
fibers as well as vasodilator fibers arc present in tlie splanchnic 
nerves. Dogicr"^ likewise found that the medullarv lU'rves 
form complicated plexiform arrangements which terminate 
upon the surface of the glandular elements, and, furlhermore, 
that the nerve-(;ells in no way differ from those of any sym- 
patlietic ganglion. 

This experiment lends to show, and addifional labors 
have only served to emphasize their soundness, that the functions 
of the adrenals are governed by the splam^hnic nerve. \\\‘ are 
thus brought to conclude that, in keeping with many important 
functions, those of the adrenals arc regulated by some center 
(which I will describe farther on) somewhere in the cerebro- 
spinal axis. Again, we learn that stimulation of this nerve 
increases the functional activity of tlie adrenals ivithout 
increasing the volume of blood given out hy the gland ivith 
the secretion. Hut as shown liy (fiaude Bernard, it is by 
augumenting the Idood supplied to a gland tliat its functions are 
enhanced ; and it happens also tliat it is not in the secreting 
elements that the luemorrhagcs into the adrenals occur, but 
mainly in the cortical zone. This indicates that the blood-streams 
which serve to increase the secretory activity organs do not yield 
their blood through the vessels wdiich transfer the adrenal secre- 
tion to the inferior vena cava. We have such .vessels — which, 
unlike the veins to the latter, carry venous blood — in the many 
veins which the adrenals send to the renal veins. 

The bulk of evidence, therefore, tends to show that ificreased 
functional activity of the adrenals being attended hy an increased 
supply of blood to these organs, it must be considered among 
the predisposing causes of adrenal hfpmorrhage^ 

But we have seen also that the sjdanclmic contains the 
secretory nerves to the adrenals, and tliat this implicates the 

Doglel : Archiv f . Anatomle und Physlologle, p. 90, 1894. 
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existence of some governing center for these organs. When wc 
add to tliis the antitoxic properties of the adrenal secretion, it 
appears possible at least that it is partly hy exciting the adrenal 
center that various poisons predispose Plie adrenals to hwnior- 
rhage, the purpose being, as we shall see, to augment the anti- 
toxic power of the blood. 

Passive (-ongestion of the Adrenals by Toxics which 
Depress the I^lood-phessihi’e. — Oliver and Schafer, by plethys- 
mographic observations upon tlie limbs and spleen, found that 
injections of suprarenal extract produced great vascular con- 
striction, chidly in tlie splanchnic area. That deficiency of 
suprarenal secretion in the organism should produce the opposite 
result in the same region is sliown by the fact that removal of 
the adrenals is followed by relaxation of the same great vascular 
channels. 

'J'Jiis central engorgement of suprarenal origin — ^greatly 
accentuated tlirough the fact that ‘Vessels supplied with a mus- 
cular coat and capillaries are antagonistic in contraction and 
dilation’’ — seems far reaching in its application. The symptoms 
of acute arsenic poisoning will serve to illustrate this fact. 

As a result of the central accumulation of blood, the ex- 
tremities and ])eri])her‘al tissues, more or less depleted of theirs, 
are cold; (lie muscles, also deprived of the greater part of 
their blood, lose their power; the tension upon the abdominal 
vessels and neighboring structures, including the unusually 
rich nervous net-works, pi-oduces the intense abdominal pain; 
engorgement of the intestinal vessels gives rise to copious 
diarrhma, wliicdi by causing reduction of liquids tends to reduce 
the renal secretion and sometimes to cause anuria. The de- 
pletion of the cerebral vessels accounts for the syncope, and 
the auto-intoxication, through accumulation of waste-products, 
for the convulsions. These phenomena recall so clearly the 
symptoms tliat follow removal of the adrenals that we cannot 
but suspect that arsenic must in some way arrest the functions 
of these organs. 

Still, while the various morbid conditions outlined account 
for the symptoms recorded, closer investigation soon shows that 
tliey are only satisfactory as far as they go, and that some 
features of the symptom-complex are not fully met. Thus, 
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general relaxation of the vascular S3^stem means sudden in- 
crease of caliber of all vessels^ and, therefore, a corresponding 
increase of area for the blood. Why should it, under these 
circumstances, accumulate in the larger trunks? Why should 
it not merely lie dormant in the relaxed vessels evenly dis- 
tributed tliroughout tluun all? Again, gravitation prevails in 
our body precisely as it does elsewhere. Why should the blood 
not fill the vessels of the lowest levels of the organism and the 
back, the nates, the calves, and the heels of the recumbent 
patient become hypostatically congested, red, and hot, while 
his toes, knees, abdomen, and face, blanched and cold, reveal 
by their pallor and coldness tin? total absence of blood, which 
has gone to lind its level? Instead of this the entire surface is 
frigid and blanched ; the lowest portions of the body as well 
as the uppermost show that all the pc'ripheral caj)illaries arc 
depleted and eollai)sed, the l)lood in them having Ix^en drawn 
internally: f.c., towai'd the great abdominal trunks. Again, 
the intensity of the ])ain seems to indicate not mere engorge- 
ment, but inordinate, disruptive, centrifugal pressure, for 
which mere relaxation of tlie vascular walls cannot account. 

On the whole, we are forced to conclude that there must 
be an overpowering display of centrip(*tal tlux from tlie pe- 
ripheral capillaries, arterial and venous, as soon as (he vaso- 
constrictor mechanism fails to hold the cnaitral vascular walls 
up to their normal tone. That it is mechanical is suggested by 
its mode; that it enters into the domain of hydrokinetics is 
evident; and that loss of the normal equipoise between two 
forces forms the basis of the process alhrins itself on all sides. 
The solution of the problem suggests itself when we recall, 
besides the fact that the total sectional area of the capillaries 
is seven hundred times that of the aorta, the manner in which 
the capillaries are affected when muscular vessels are dilated. 
The blood in them, as we have seen, is compressed by the 
resiliency of their walls and other tissue surrounding them, 
and literally floods the abdominal organs. Indeed, the pc- 
ripJieral system contains as many sources of pressure as there 
are capillary tuhes in tY— <mougii many tinics to account for 
all the mooted points just reviewed. 

To illustrate the violence of the power exerted in this con- 
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Dection, I may refer to the principle of hydrokinetics, — Pas- 
caFs principle, — which underlies the whole mechanical process. 
This physicist completely tilled a strong cask with water, closed 
it hermetically, then inserted tlie end of a long, narrow, and 
close-fitting glass tube through a hole in one of the staves. 
Into the upper end of the tube, which stood upright, he then 
slowly poured water. liong before the tube had been filled the 
cask burst, owing to the excessive pressure within its walls. 
How was this pressure exercised? ^The pressure of a fluid 
being due to its weiglit,” the pressure in the upper layers of 
tiie water in the tube was slight, while that in its lower layers 
had increased in proportion with its distance^ from the top, 
since ^^pressure at any point in a liquid varies as its depth.” 

pressure exerted on a fluid inclosed in a receptacle” being 
^‘transmitted undirninishod to every part of that receptacle, 
and the total pressure exerted on the interior of the latter’^ 
being ^^cqual to the area multiplied by the pressure per unit 
of area,” a centrifugal display of force occurred — which far 
surpassed the resistance of the cask, and it had to yield. The 
hydraulic press, by means of which the hand of a child can 
break a steel rail, is based upon this principle. 

These principles prevail in the human organism precisely 
as they do elsewhere in Nature. In the large vascular trunks 
of the abdomen, abdominal and thoracic viscera, etc., we have 
closed (ihannels typifying the cask; in the narrow .muscular 
vessels leading to them we have a multitude of conduits por- 
traying the glass tube. Finally, we have the aggregate of pres- 
sure of millions of contractile, resilient capillary vessels con- 
taining a mass of blood (so great in comparison to the larger 
vascular structures that these have been considered as sub- 
sidiaries to the capillary system) to represent the gobletful 
of water with which Pascal indirectly caused explosion of his 
cask. That we have ample power to account for the symptoms 
mentioned is evident. Tt also accounts for suprarenal haem- 
orrhage when violent toxaemia is present. The rich vascular 
supply of the organs is well shown in the annexed colored plate 
prepared by J. M. Flint in the course of an exhaustive study 
of their anatomy, and published in the Johns Hopkins Hospital 
Eeports. 
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Obviously the application of this principle is subject to 
limitations whicli the volume of blood accumulated in the ves* 
sels of the trunk impose. Admitting, for purjmses of illustra- 
tion, that all the blood of the organism has been forced into 
the interior of the body, its mass represents a fixed area which 
the various internal structures must furnish. Thus, while the 
large vascular trunks bear the brunt of the pressure, all the 
neighboring organs, including their capillaries, become en- 
gorged in proportion as the quantity of blood added to their 
normal contents is great. In other words, the blood ac'coninio- 
dates itself to any room it can find aft(U’ the larger vascular 
trunks arc engorged, whether it be in a blood-vessel or a viscus. 
Thus, Boinet, in 45 of his 51) deeapsulated rats, found luein- 
orrhage in the lungs in Ifi, in the spleen in 41, in the thyroid in 
18, in the thymus in 11, in the kidneys in 8, in the liver in 5, and 
in the spinal cord in 5. 

All this fiirtlier emphasizes the practical bearing of the 
postulate: ^^Vessels supi)]ied witli a muscular coat and capil- 
laries are antagonistic; in contraction and dilation.’’ It illus- 
trates, furthermore, the importance of remembering that those 
toxins and other poisons whicli cause accumulation of blood in 
the splanchnic area also cause passive congc'stion of the adrenal 
vessels owing to the [iroximity of these cliannels and tlieir direct 
relations with this area. This would occur for example with 
curarine, of which Tillie’‘^‘ writes: ‘^With larger doscis tifere is 
dilation of the ahdominCil vessels and hence accumulation of 
blood, little or nothing of this fluid entering the empty ventricle, 
notwithstanding that the lic^art may continue to beat. 

When, therefore, we are dealing with infections such as 
Asiatic cholera, true cholera infantum, the anaunias, and other 
disorders in which extreme pallor prevails; or in acute intoxica- 
tion by arsenic, chloral, alcohol, ptomaines, the coal-tar auto- 
pyretics and other agents which also provoke cutaneous pallor, 
there is good ground for the belief that, in addition to the 
recession of blood to the deep channels of the splanchnic area, 
and. into the viscera, including the adrenals, we should take into 
account Pascal’s hydrokinetic principle. Indeed, we are not 
dealing here with a single stream, as in the experiment referred 

^ Tillie: Medical Chronicle, March, 1891. 
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to, but with a multitude of streams derived from all the pe- 
ripheral capillaries of the body. Moreover, we have, as an addi- 
tional factor tending further to project the blood inwardly, the 
resiliency of the periplieral arterioles when the blood-stream 
passing through them is insufficient to cause them to retain their 
normal relative caliber. 

All these mechanical factors added to the passive hyper- 
semia incident upon the accumulation of blood in the splanchnic 
area seem clearly to expose the adrenals to a degree of centrifugal 
pressure at least equal to that produced by marked elevation of 
the general blood-pressure. It seems permissible to conclude, 
therefore, (1) that the adrenals may become passively congested 
by the accumulation of blood in the splanchnic area and the 
abdominal visverg, caused by toxins and other poisons and drugs 
vdiich markedly lower the blood-pressure, and (2) that the 
dis7'uptive power of this adrenal congestion is enhanced by the 
centripetal pressure of the peripheral blood (PascaVs principle) 
and also by the pressure due to the resiliency of the peripheral 
blood-vessels. 

The heart, lungs and brain being correspondingly despoiled 
of blood, their functions are inhibited in proportion. 

Degenerative Effects of Toxins and other Poisons 
ON the Adrenals. — ^Tljis is another factor which must be taken 
into account, especially where toxins are concerned. They show 
a wide range of selective power, and, in keeping with all suffi- 
ciently active poisons, are capable of irritating tissue cells and of 
causing necrosis and degeneration. 

Before studying the manner in which the adrenals react 
under the influence of these poisons, it may be well to illustrate 
the primary steps of the process in accord with previously sub- 
mitted conclusions, viz., tlie hypera^mia and the absence of patho- 
genic organisms in the glands proper. Een6 Wybauw, for 
example,^® injected diphtheria toxin into the peritoneal cavity 
of a large number of guinea-pigs, causing death within three 
days. In all these animals the adrenals had become somewhat 
enlarged and showed intense hyperaimia, the central vein being 
particularly engorged. In one of the animals the disease fol- 

’®Ren6 Wybauw: Annales de la Socidt^ Royale des Sciences Mdd. ct Nat. de 
Bruxelles, vol. vi, p. 134, Nos. 2 and 3, 1897. 
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lowed an acute course ; the vascular structures had yielded to the 
pressure and the organs showed abundant luemorrhages. The 
reticular and medullary zones, in which capillaries are especially 
abundant, presented the most marked lesions. 

We have already seen that Abelous and Langlois also 
found that the injection of various bacterial cultures caused 
vascular lesions varying from slight congestion to severe hfcm- 
orrhage. Two'^cases, also referred to previously, are par- 
ticularly interesting in this connection: In the one, a case of 
acute toxaemia reported by Andrewos,^^ death occurred in 36 
hours, and the adrenals alone showed lesions — interstitial hiem- 
orrhage. In the other, reported by W. S. Colinan,^- tlie symp- 
toms also indicated a general infection ; death occurred in 
about 25 hours, and no lesion other than suprarenal inter- 
stitial ha?morrhage was found. The interesting feature of these 
cases, however, is that botli observers submitted blood taken 
from the haemorrhagic foci in the organs to bacteriological 
examination. Andrcwes invariably obtained sterile cultures, 
and lie states that, if any organisms were present, ‘^there were 
none that grew upon ordinary media or stained with ordinary 
reagents.’^ Colman not only reached the same result with 
blood from the adrenals proper, but with blood taken from 
other organs. The cases had doubtless been caused by a spe- 
'ciilc toxin, but with the ever-present hyperaoinia as the only 
morbid feature. 

But this is evidently but a stage of the morbid process, suc- 
ceeded by local lesions. Wybauw'^® states that he has invariably 
found in these organs, after the injection of diphtlieric toxins 
in rabbits, the histological lesions found elsewliere in tliis 
disease. 

lie further noted that tlie point of union of the reticu- 
lar and medullary zones, where the capillaries are especially 
numerous, presented the well-known type of degeneration, while 
the slides also clearly showed all the stages of cellular destruc- 
tion, with more or less disintegration of the nuclei. The latter 
were also undergoing retrogressive stages, gradual loss of regular 
outline, irregular perimetric retraction, etc. He likewise 

” Andrewes; Lancet, May 7, 1898. 

” W, S. Colman : Lancet, May 7, 1898. • 

” Wybauw; Loo. oit., pp. 134 and 165. 
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examined microscopically the adrenals of a guinea-pig killed with 
cholera germs, bnt in this connection he says: ‘‘The adrenals 
are the seat of much less pronounced changes than those of the 
diplitheric guinea-pig. They are redder than normal. But the 
examination shows lesions which must certainly be produced by 
the same mechanism. The cells are irregular, the nucleus having 
lost in places its characteristic structure,^' etc. In a case of 
broncho-pneumon ia following tracheotomy for diphtheria, he 
was able to note tlie same changes that he had observed in the 
diphtheric rabbits and choleraic guinea-pigs, but less marked, 
the patient having died of the concomitant disease before the 
diplitlicric process liad become far advanced. 

Arnaiid,^'^ in a case of su2)rarenal liaunorrhage associated 
with liver-al>scess, also found lesions in the suprarenal medulla 
characterized by cellular degeneration, granular disintegration, 
etc. : i.e,j a general neci'obiosis of septic origin. If to these 
results we add those of x\ndre^A^s and Colinan, referred to 
above, it would seem permissible to conclude Avith Wybaiiw, 
that bacterial toxins possess a direct irritative action upon 
adrenal tissue. 

But this observer ascribes to the adrenals a special sen- 
sitiveness to the influence of diphtheric toxins. While this may 
be true, it is more likely that, inasmuch as a specific toxin 
does not produce a characteristic lesion in them, the phe- * 
nomena Avitnessed, histological and symptomatic, should rather 
be considered as expressions of excessive stimulation or ex- 
haustion of these organs common to all toxins. The various 
toxins differ in potency precisely as do other poisons; it is also 
self-evident that various poisons must affect the adrenals in 
proportion as their virulence and dose are great. 

The common action of various toxins is suggested by other 
facts. Thus, Langlois and Charrin^"* invariably noted hy- 
pertrophy of the suprarenal tissues after the prolonged use of 
diphtheric toxins in small quantities, in guinea-pigs. In one 
of the animals the organs had increased to over four times 
their normal size. The same phenomena followed injections 

of Bacillus pyocyancus. Petit^® also found hypertrophy to fol- 
■ • 

■^^Arnaud: Loc. cit., p. 15. 

Langlois and Charrin: La M^decine Moderne, Feb. 5, 1896. 

™ Petit: Lov, cit. 
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low filtered cultures of the Tjoffler bacillus in fishes. That the 
hypertrophic process is overaetive is sliown by the fact that 
hypertrophy also occurs in the remaining gland when one has 
been extirpated. Stilling'^ observed tliat in yomig rabbits the 
remaining adrenal sometimes attained very large size; Auld^^ 
also reported several instances in cats. In tlie presence of 
these facts it is evident tliat the adrenals are siihniittcd to 
excessive activity when certain toxics appear in the blood-stream, 
and that the local lesions are the expression of a pliysiological 
function utilized beyond its normal limits, 'j'hc histological 
lesions found post-mortem arc no longer pathologi(*al mani- 
festations; they are those of physiological overuse or overwork. 

That we are dealing with the etreets of overactivity is 
sustained by evidence from another direction. In the instances 
in which hypertrophy was caused hy injections of toxins those 
were administered in small doses at frequent intervals, the 
process extending over a period of many weeks. If we analyze 
Wybauw^s rejiort, there are points which tend to indicate even 
more than the direct etfects of toxins noted. This author 
refers to promiscuously distributed swollen cells, the proto- 
plasm of whi('h is less clear than usual, and to other features 
that recall tlie characteristics of cloudy swelling observed most 
frequently in the liver and kidney and in the heart-muscle. 
This we know may lie caused not only by toxins, hut also, and 
with equal frequency, by nutritional disturbances excited by 
nervous stimulation, — a fact which recalls that electrical stimu- 
lation of the splanchnic nerve increases the functional activity 
of the adrenals. 

What these organs are exposed to under excessive stimula- 
tion, especially in the course of febrile infections and intoxica- 
tions, is suggested in the following lines by Lazarus- Barlow 
"It is generally held that the cloudy swelling of pyrexial disease 
and the fatty changes of hyperthermia are to be associated, and 
many authors hold that cloudy swelling is a transitional stage in 
the pathological conversion of proteid into fat. It is certainly 
in favor of this view that cloudy swelling is most commonly 


"Stilling: Virchow’s Archlv. Dec.. 1S89. 

™Auld: British Medical Journal. June 3, 1899. 
Lazarufl-Barlow: “General and Exper. Pathology, 


p, 414, 1904. 
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seen in rapidly fatal and acute pyrexial disorders, fatty changes 
in chronic pyrexial disorders/^ 

Again, we have seen the predominant role infections play 
in adrenal haunoiThage. We shall now see to what extent the 
adrenals are the seat of fatty change, which means in this con- 
nection the fre(|uency with which these organs are involved in 
disease : — 

Arnaud/*^ alluding to the signs of fatty degeneration in 
the adrenals observed pcM mortem, Avrites: ^^This lesion, which 
is appreciable only by histological examination, is very com- 
mon, as slioAvn by my personal researches. It existed to a more 
or less marked extent SO times in 100 subjects whose adrenals 
had been collected at random at autopsies.’’ Itolleston^^ refers 
to this subject in the following words: ^‘Tn the suprarenal 
bodies of adults fatty change is so common as to be a physio- 
logical condition. The fat occurs as large globules in the cells. 
This change may be present throughout the whole of the cortex 
or be best marked in the zona fasciculata. The medulla is 
occasionally seen to be occupied by fat, but never to the same 
extent as the cortex, Avhile in children there is little fat nor- 
mally. Attlee found, however, some, though slight, fatty 
change in still-born children. In children dying from maras- 
mus there was marked fatty change, wliicli was more frequent 
than in the liver. The cortex was affected in all, and the 
medulla in C out of the 9.” 

Now, if we realize that it is only in febrile diseases and 
intoxications that cloudy swelling and fatty degeneration occur, 
and also that the proportion of deatlis due to non-febrile proc- 
esses is relatively large, it will become apparent that the adrenals 
must he regarded as exposed to lesions endmigering life in dll 
diseases and intoxications attended by a high temperature. 

On the whole, a general summary of the evidence and 
the conclusions based thereon submitted in the foregoing pages 
seem to me to have demonstrated : — 

1. That the adrenals are greatly exposed, owing to their 
delicate structure and their location among the great blood* 
channels of the splanchnic area, to active and passive congestion 
of a dangerous type; 

Arnaud: Loe. eit., p. 6. 

Rolleston; Allbutt'a “Practice/’ p. 667. 
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That in the course of any toxcemia the adrenals are liable 
(a) to cloudy swelling and fatty degeneration when the tempera- 
ture and blood-pressure are high, and (b) to hirniorrliage when 
their internal vessels are unable to resist the centrifugal pres^ 
sure of their blood; 

S. Hint rerovery from infections and loxannias of all hinds 
depends to a material degree upon the extent of the lesions to 
which the adrenals are subjected during the active stage of the 
disease; 

Jf. That high fever and highblood-pressure,onthe one hand, 
and abnormally low temperature and low blood-pressure, on the 
other, are the signals that the adrennls are endangered. 

This suggests that drugs in large doses, unless used to 
counteract tlie morbid effects on tlie adrenals of tlic existing 
toxaunia, .miglit react on these organs ))r(‘(‘isely as do toxins and 
other poisons. Wliile experimental work upon this point is 
entirely inadequate to demonstrate that such is the case, tlierc 
is considerable indirect evidence available to this elfect. 

Mohbid Effects of Drugs and Venoms on the Adrenals. 
— E. W. Adams, referring to a group of cases found in litera- 
ture in wliich, after the use of adrenal extract in eases of Addi- 
son’s disease — doubtless in excessive doses — h(‘ says, “Alarming 
results were presumably or possibly due to treatment.” One of 
the two instances of alarining collajise cited “began to improve 
markedly wlien the extract was stopped.” A surgeon, after 
grafting the adrenals of a dog into the abdominal cellular tissue? 
of a girl fourteen years old, witnessed her death in three days. 
Another, having resorted to the same method in two eases, lost 
both within twenty-four hours, owing, he thinks, to the operation. 
The same result followed in a fourth case. Referring to three of 
these instances, the attending physician of the last case, P. 
Courmont, writes: “In the three the results were disastrous. In 
my own case the patient died in twenty-four hours with a 
formidable rise of temperature and cardiac collajise,” and with- 
out the least evidence of infection. 

Why this “formidable rise of temperature'^? Text-books of 
physiology make no reference to this symptom and it is not 

^ Adams: Practitioner, October, 1903. 
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explained by the classic effects of adrenal extractives: a rise of 
blood-pressure, with slowing of the heart’s action, and increase 
of its contractile })ower. And yet Jieichert''** and also Morel^^ 
have shown that adrenal extract caused a rise of as much as 
1.8® h\ (1® C.) in the rabbit, wliile 1 repine'*"' noted that this 
phenomenon was always a feature of the clinical use of adrenal 
preparations. In the first edition of the present work I had 
already explained (see next chapter) that the adrenal secretion 
sustained the oxidation ])rocesscs of the entire organism. 

It is apparent, tlierefore, that to the classic symptoms pre- 
ceding deatli after removal of both adrenals : ^^great prostration, 
muscular trealxuvss and marked diminution in vascular ioney as 
Howell*^** puts it in a recent edition of his text-book, we should 
add diminution of the temperaUire — an effect first pointed out 
by Brown-Seejuard. The fact that the hypothermia is discernible 
both on the skin and in the rectum indicates that it is not due 
to recession of the blood from the surface to the splanchnic area, 
while hypothermia, sensation of cold, etc., are, as is well known, 
prominent symptoms of Addison’s disease. 

We have seen under the preceding heading how toxins and 
various poisons may impair or even annul the functions of the 
adrenals. Miglit not drugs in full doses do likewise? It seems 
as clear tliat the phenomena caused by toxic dases are to a 
certain ('xtent due to the primary effects of these agents — mean- 
ing by ‘‘primary effects” tliose that occur early in the course of 
the ju’oeess of intoxication — on the blood-pressure, whether by 
producing excessive vascidar tension or the opposite condition, . 
very low blood-pnissure, both of which may cause engorgement 
(active or passive) of the adrenals. 

Taking as landmarks the three salient symptoms that fol- 
low removal, or destructive diseavse, of the adrenals: muscular 
weakness, and lowering of the blood-pressure and temperature, 
we shall see below that they are ever-present signs of poisoning, 
even though the physiological action of the drugs enumerated 
he totally different and essentially specific. It is, of course, 
impossible to review the hundreds of drugs capable of proving 

«»Roichert: Univ. of Penn. Med. Bull., April, 1901. 

Morel: Le Progrds Medical, Aug. 3, 1903. 

“Lupine: La Semalne M^dlcale, Feb. 18, 1903. 

Howell: Text- book of Physiology, 3d edit., p. 841, 1910. (The italics are 
mine. S.) 
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toxic in excessive doses; about thirty of the main ones will be 
reviewed, quotiiip^ from Wood's text-book (eleventh edition), 
those sentences wliich indicate the effects referred to, and in 
which, inhibition of adrenal functions may, from my viewpoint, 
play a part. 

Muscv'LAU Wkaknkss. — Aconite is said by Wood to cause 
in therapeutic doses ‘hi sense of muscular inertia and weakness, 
and if the dose administered be larger “^the muscular weakness is 
extreme/^ Alcoholic muscular relaxation hardly needs to be 
insisted upon; tlie attitudes of drunkards speak for themselves. 
Antimony in large doses is referred to as causing great mus- 
cular relaxation, the exhaustion becoming extrt'ine after toxic 
doses. ’ Antipyrin acts according to the dose administered, 
causing rigidity in large dos(^s (excessive momentary muscular 
tonus), while “in overwhelming amount,'’ according to Blu- 
menau,'''^ it causes in frogs ‘‘muscular relaxation with loss of 
reflex activity deepening into complete jiaralysis and death.” 
Arsenic causes, even in small doses in the frog, cessation of 
voluntary niovement. The muscailar weakness, lapsing into 
complete exhaustion, that follows arsenic poisoning, is a famil- 
iar clinical picture. 

Belladonna — i.e., its alkaloid, atro))inc — is refeu-red to as 
follows: “When an enormous dose of tlie alkaloi<l has been 
taken, a fatal stupor, with muscular relaxation, may develop 
at once. . . . Probably, however, in all cas(‘s stupor and 
muscular jiaralysis finally develop.” . . . Bromism, accord- 
ing to E. 11. ('larke, is attended with “muscular w(!akness which 
becomes paralysis.” Camphor is referred to as giving rise in 
large doses to a feeling of lassitude, while general paralysis 
follows the ingestion of poisonous doses. Carbolic acid is stated 
by Wood to give rise to muscular xveakness, but a striking sug- 
gestion of a relationship between the effects of carbolic acid 
poisoning and disturbed suprarenal functions is the reference 
to the fact that in frogs and mammals “the paralyzing influ- 
ences of carbolic acid are usually first .manifested upon the 
hind-legs.” . . . Chloral is referred to as producing mus- 
cular weakness and then jjaralysis. Labbee is stated to have 
found that after death the muscles respond perfectly to gal- 

Blumenau: St. Petersburger xued. Wochensclirlft, 1887. 
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vanism, thus eliminating organic alteration of the muscular 
tissues as a factor in t]ie paralytic phenomena. 

The muscular relaxation witnessed in chloroform anaes- 
thesia needs only to be recalled. Cocaine is termed by Wood 
muscle-poison, stimulating and afterward depressing the 
functional activity.^’ Copper is referred to as capable of caus- 
ing progressive paralysis. Bokay^'^ found that the muscles were 
affected very early by continuom doses, ^^cloudiness of their 
protoplasin and disappearance of their cross-striation coming 
on.^^ ''riiis recalls the cloudy swelling previously referred to as 
observed even in the adrenals themselves, the precursor of fatty 
degeneration. Digitalis in toxic doses is said to cause lassitude, 
prostration, and muscular tremors. Ether anaesthesia, and the 
})rofoiind muscular relaxation produced, need only be men- 
tioned. Hydrocyanic acid is termed a ^‘paralyzant to the musr 
cles,’^ general paralysis ensuing almost immediately after taking 
a toxic dose. Idiat the hind-extremities are first paralyzed in 
animals I have ascertained. The effects of mercury in this 
connection are well known, — ^‘mercurial palsy,” which occurs 
within a few hours after the poison enters the organism; the 
‘^peculiar hrowimh line of the whole body” . . . ^Vhicli 

generally accompanies the disease,” also suggest adrenal insuffi- 
ciency as an element of the process. 

Opium was found as long ago as 182G by Charvet^® to 
cause ^^progressive loss of power in the contractile tissue, end- 
ing in death; in fishes, paralysis and convulsions; in birds and 
mammals, paralysis, convulsions, and stupor.” In man ^^alarm- 
ing depression” also occurs. Oxalic acid poisoning is stated to be 
attended with “entire prostration of strength.” Phosphorus 
poisoning also produces, “a sense of weakness and general 
wretchedness.” Physostigma gives rise, after the full therapeutic 
dose, to “slight weakness and dislike for muscular exertion” and 
in large doses to “great muscular weakness.” “When an animal 
receives a small fatal dose of Calabar bean, after a time muscular 
tremors appear, and almost immediately the victim falls to the 
ground or lies down in a state of perfect muscular flaccidity.” 
Strychnine in sufficiently large doses produces “muscular 

**B6kay: Pestor med.-chlr. Presse, 33, 1897. 

Charvet; Pereira’s “Materia Medica,” 1035, Philadelphia, 1864. 



THE ADRENALS IN DISEASE AND POISONING. 


43 


twitclungs and startings and formications/^ wliile toxic doses 
induce spasm, opisthotonos, etc. The liigli blood-pressure caused 
by strychnine and convulsions is pre-eminently of the kind cal- 
culated to provoke adrenal lesions. Although as recently shown 
by Cannon, Aub and Hinger''’**^ minute doses of nicotine stimulate 
the adrenals, tobacco poisoning is known to cause “absolute 
loss of muscular strength’’ and finally complete collapse. 
Veratrine is referred to as primarily a muscle-poison, a stage 
of hyperexcitability pieceding the stage of paralysis. Zinc 
poisoning is attended with prostration. As to chronic poisoning 
by this metal. Wood refers to the ex])eriinents of Sacher,'*‘’ who 
found that intravenous injections of very large doses of zinc 
salts produced paralysis of the voluntary muscles. 

AVe thus have ty|)ifi(‘d in all these various poisonous agents 
not only the typical muscular weakness observed in recognized 
diseases of the adrenals and the total prostration following re- 
moval of the organs, hut we can also discern in the list grades 
of muscular function ranging from slight weakness to total 
paralysis. How, (ilouij with other or</a)ts, are the adrenals 
influenced? A clue to this may he ol)tained by a brief review of 
the effects of venoms, using for this purpose an excellent pai)er 
published by Noe,**^ and more recent experimental labors. 

Vulpian called attention, in 18(il), to the progressive 
asthenia, followed by somnolence with motor jdienomena recall- 
ing those of curare poisoning, caused by (‘obra- venom. Paul 
Bert noted also that muscular activity disappeared after seorjuon 
toxaemia and that the muscles failed to respond to strong indiu?- 
tion currents. Now, the labore of J)elez(?nne,‘*“ Flexner and 
Noguchi/-'* Noc”^ and others have shown that certain venoms, 
those of the cobra, rattlesnake and viper, caused (1) Inemolysis, 
thus depriving the bh)od of oxidizing power, and (^3) proteolysis, 
thus exposing various tissues to digestive d (‘struct ion and the 
walls of the blood-vessels to softening. This furnishes an ex- 
planation of the intense muscular weakness which follows these 
venoms, the muscles being no longer, owing to the deterioration 

Cannon, Aub and Blnger: Jour, of Pharmacol, and Experimental Therap., 
March, 1912. 

Sacher: Thesis, Dorpat, 1893. 

Nod: Arch, gdndr. de mddecine, Jan., Feb., Sept, and Nov., 1899. 

^^Delezenne: C.-r. de I’Acad. des Sciences, Aug. 11, 1902. 

Plexner and Noguchi: Unlv. of Penna. Med. Bulletin, vol. xv, p. 346, 1902, 
(and vol. xvl, p. 163, 1903. 

•*Noc: Annales de Plnetitut Pasteur. June, 1904. 
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of their pabulum vita^, the blood, to contract. Yet, are the 
adrenals not supplied with the same blood? Obviously, their 
functions must also be arrested and the asthenia which always 
follows their functional arrest added to that due to the effects 
of the blood on the inuscles. 

That a similar arrest of their functions should occur under 
the influence of drugs which are capable — just as toxins and 
other poisons were shown to be, under the last heading — to 
cause intense congestion, venous engorgement, haunorrhage into 
the adrenals, seems self-evident. Indeed, JAvksch'*''" found that, 
both in uraunia and pliosphorus i^oisoning, the blood-pressure 
curves corresponded in degree with the morbid changes in these 
organs. We may thus liave inhibitive congestion or hcemorrhage 
caused by drugs which in large doses raise the blood- pressure 
materiallg ; or again passive congestion and stasis and limmar- 
rhage in the case of drugs which greatly lower the blood-pres^ 
sure in large doses. Indeed, we may have inhibition of the 
adrenals through ischcemia by drugs such as their own active 
princi])le which greatly constrict their arterioles, as will be 
shown in the second volume. The asthenia of adrenal origin can 
thus be caused by drugs which affect the blood-pressure seriously 
in any manner. 

Vaimations of thh Blooikpjikbsure. — Precisely as is the 
case with destructive disorders of the adrenals, so do venoms and 
toxic doses of drugs cause decrease of the blood-pressure. 

Kauffmann is referred to by Noe as having observed that 
viper-venom at once causes enormous reduction of arterial 
pressure, ^^it is especially marked in the digestive traeV^ says 
this autlior, ^^a true gastro-intcstinal apoplexy; it is the main 
cause of deatli.^^ Phisalix, on the other hand, observed that 
viper-venom caused general vasodilation, congestion of all or- 
gans, rapid lowering of blood-pressure, and weak pulse; and 
found the blood to contain but a small amount of COo. Couty 
also observed vasodilation after injections of rattlesnake-poison. 

The presence of increased vascular pressure capable of 
causing adrenal hsemorrhage is illustrated by the effects of 
smaller doses or weaker poisons. Thus, Phisalix and Langlois®* 


“ Lukscb ; La Riforma Medica, Apr. 29, 1905. 

Phisalix and Langlois; Academie des Sciences, Sept. 6, 1899. 
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are stated to have fouiul that salamandrine in small doses 
stimulated cardiac action and greatly increased vascular pressure 
in dogs, while large doses gave rise to ecchyinotic spots and 
haemorrhages. 

The same variations of pressure, cardiac and vascular, are 
observed in connection with drugs. Acetanilid in toxic doses, 
as is well known, may cause a peculiar cyanotic condition of 
the face and extremities, while ^^the fall of temperature is ac- 
companied by profuse sweat ing.^^ . . . “In rare cases,^’ 

says Wood, “the lowering of the bodily temperature has 
been coincident with tlie occurrence of collapse.” This is always 
attended by a marked decline of the blood-pressure. “In frogs,” 
writes Wood, “the phenomena caused by aconite are similar to 
those seen in man, and consist of, at iirst, a reduction and, after- 
ward, an increase in the rate of the heart’s beat, with a loss of 
power in the circulation, and, finally, irregular systolic move- 
ments, with marked prolonged diastolic pauses ending in diastolic 
arrest.” Alcohol is referred to as acting upon the heart as a 
stimulant in small closes and as causing increase of arterial pres- 
sure. A large dose, on the other hand, is followed by a fall of 
arterial pressure and acts as a muscle depressant. Antimony 
is another agent which, like acetanilid, seems rapidly to induce 
suprarenal insufficiency. “In the lower animals,” writes Wood, 
“all doses of antimony sufficient to c:iuse any apf)arent elfect 
progressively lower the arterial pressure; the pulse is some- 
times at first temporarily accelerated, but usually the slowing 
of the pulse occurs from the beginning of the poisoning. Dur- 
ing this period of slow pulse the diastolic; ])auses are extremely 
long and the pulse-waves greatly augnumted, it may be to five 
times their original size. After a time the pulse usually be- 
comes very rapid, the pulse-waves very small, the arterial 
pressure almost extinguished, and in a few minutes diastolic 
arrest occurs.^’ The process referred to in these remarks, 
based on the experiments of Ackermann®^ and Ernst Sentz,®® 
underlies the clinical phenomena familiar to all as well as those 
of Asiatic cholera, cholera infantum, and cholera morbus. 

Antipyrin resembles acetanilid in its action. “Demme, 

Ackermann : Virchow's Archiv, xxv» 531. 

M Ernst Sentz: Inaugural Dissertation, Dorpat, 1S53. 
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Arduin, Armand, H. Casirtiir/® and Cerna and Carter^®® have 
separately determined by experiment tliat in moderate doses 
antipyrin increases the arterial pressure, while toxic doses 
lower the pressure.^’ “The toxic dose of arsenic/^ says H. C. 
Wood, Sr., “greatly lessens the rate and force of the pulse- 
beat and mark(idly lowi^rs the blood-pressure.^^ lie refers to 
the experiments of IJnterberger,^®^ who “found that in an 
animal under the influence of the poison neither galvanization 
of a sensory nerve nor of the vasomotor center in the upper 
cord had any influence upon the force of the blood-current.^^ 
The reason for tin’s is apparent with inhibition of the adrenals as 
a factor of the process. Belladonna, or, better, its alkaloid, 
ati-opine, it is stated, “may cause a primary slowing of the 
pulse (very brief and only to be occasionally demonstrated), 
followed by an extraordinarily rapid pulse, with a very great 
rise ill the arterial pressure; followed, after a time, if the dose 
has been suflicient, by a progressive lowering of pressure until 
death is reached, tlie rapidity of the pulse being maintained 
until the end^’ . . . “in atropinized animals neither sec- 
tion nor galvanization of the vagi affects the pulse-rate.’^ 

Bromides, these apparently benign agents, stand in this 
eonnection as actively toxic as many of the more virulent drugs 
reviewed. They seem to inhibit suprarenal activity even in 
small doses. Schouten^®* found that, during the injection of 
a 2-per-cent, solution into the vena cava of a rabbit, “the car- 
diac systole grew slower, the diastolic pauses longer, and finally 
tlie heart stood still.” Wood considers it as “well established 
that large, toxic doses of the bromides exert a direct paralyzing 
action on the heart, lessening both the force and the frequency 
of the bv\at, and finally causing diastolic arrest.” The relation 
between the arrest of adrenal secretory activity and cardiac 
arrest is apparent. Camphor is referred to as acting directly 
as a stimulant to the lieart-muscle. Interesting, however is 
the same author’s reference to the contrary results reached by 
Ah'xander T^win,^'’’' which he ascribes to “the use of over- 
whelming doses, camphor first stimulating and then depressing 


C^^B*™****- Thdse dG Lyon, 1880. 

Carter: “New Remedies, »» 1892. 

>^rehiv f(ir exp. Path., etc., II. 
i^Schouten: Archiv fttr Heilkunde. xil. 97, 1871, 
Alexander Lewin: Archiv fur exp. Path., etc., 1890. 
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the heart-muscle.'^ Carbolic acid he refers to in tlie following 
words: ‘^The prominent symptoms induced by lethal doses are 
disturbance of respiration; stupor, deepening into coma; rapid, 
feeble pulse; muscular weakness; abolished reflexes; collapse; 
fall of temperature, and albuminous or bloody urine, ctc.'^ It 
is perhaps needless to point to these j)henomena as the exact 
counterpart of total suprarenal iiisufliciency. Chloral at first 
causes slowing of the heart’s action. ‘^Very large doses,” ac- 
cording to both Andrews and J)a Costa,^^"* ^^decidedly lessen 
arterial pressure. The characteristic influence of therapeutic, 
and still more of toxic, doses is to produce a fall in the blood- 
pressure, usually accompanied by a lessening in the frequency 
of the heart’s action.” 

The preliminary stimulation of cardiac action induced by 
chloroform is well known. ^‘Putting all the evidence together,” 
writes Wood, ‘^it seems to us to have been completely demon- 
strated by physiologists, first, that chloioform is a direct de- 
pressant and paralyzant to the heart-muscle or its contained 
ganglia; second, that the fall of blood -pressure which occurs 
in chloroform izat ion is in great part due to tliis direct depres- 
sion of the heart.” Cocaine, as shown by vai’ious investigators, 
produces an iiuu’ease of arterial pressure wlaai given in mod- 
erate doses. ^^The drift of the present evidence,” says Wood, 
^^is to show that the small dose of cocaine moderately stim- 
ulates the heart, and that the large, toxic dose finally depresses 
it.” 

Copper is another agent the clinical ])henaniena of which 
recall those of cholera: toxic doses paralyze the heart in lower 
animals. Digitalis, in batrachians, raises blood-pressure and 
depresses it in the last stage. ^Tn most of the experiments of 
J. P. Arnold and H. C. Wood, Jr., upon dogs,” writes Wood, 
^^the change from a slow to a rapid pulse has been al)rupt and 
usually accompanied by an enormous rise of the already ele- 
vated blood-pressure. At the end, the fall of pressure is very 
sudden and rapid, so that it has immediately preceded death.” 

. . • ^Tt seems to be clearly established that in jwisoning 
of the mammal by digitalis the heart is arrested, not in sys- 

Andrews and Da Costa: American Journal of the Medical Sciences, 
April, 1870. 
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tole, but in diastole.” It also seems ^Very certain that the 
proposition framed for the lower mammals applies also to 
man.” Now, section of the splanchnics, which contain the 
adrenal secretory nerves, arrests the action of digitalis. 

Ether is referred to in the following terms : ^^Our present 
evidences show that there is, during ether anjpsthesia, a rise 
of pressure, wdiich is, at least in part, the result of cardiac 
action. . . . This rise is followed by a fall.” Hydrocyanic 

acid depresses the vaso-motor and fall of the blood-pressure, 
according to Cushny ; it was found by Preyer, Lecorche, and 
Meuriot to produce, in suiricicnt amount and concentration, in- 
stantaneous diastolic arrest. In large, though not enormous, 
doses Preyer and Laschkewitsch noted that ^^it first produced a 
sudden prolonged arrest of the heart, followed by an augmenta- 
tion in the rapidity of the cardiac action, and after this a 
diminution of the rate: to the normal number in cases of 
recovery, to cardiac standstill in cases of death.” 

Mercury, in the form of corrosive sublimate, also gives rise 
to choleraic symptoms in toxic doses. ^Tn the course of two 
or three hours,” says Wood, ^Very rarely in less than an hour, 
collapse occurs, with small, frecpient, irregular pulse.” Opium 
is referred to as follows: ^Tn man the circulatory phenomena 
are a slight primary evanescent acceleration of the pulse-rate 
(NothnageP^'"^), succeeded by the characteristic slowing and 
increased fullness and force of the pulse, which is followed by 
a return to the normal pulse or a great increase of the rapidity 
and loss of strength during the third stage.” Experimentally 
it was found to cause arrest of the heart in diastole. Dott 
and Stockmann found that large doses lowered the blood-pressure. 
I’hosphorus, in the very acute cases of poisoning, may be at- 
tended with pronounced cardiac weakness, even in the primary 
stage. ^‘The patient,” says Wood, ^^may suddenly succumb to 
collapse and cardiac paralysis.” Physostigma, injected in poi- 
sonous doses into the jugular vein, causes death from syncope 
or from simultaneous ^Tailure of the cardiac and respiratory 
functions, and the heart is arrested in diastole. When smaller 
doses are exhibited, there is slowing of the heart’s action.” 
Santonin in toxic doses causes slowing of the pulse in dogs, and 

Nothnagel: '*Handb. d, Arzencimittellehre," 1870. 
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rapid or slow, feeble pulse in children. Silver salts when in- 
jected into tlie veins were found by Charcot and Ball, llabuteau 
and Mourier to cause instantaneous death, which is ascribed 
by these investigators to “a direct paralyzing influence of the 
drug ui)on the muscle of the heart.^’ Strychnine is stated by 
Wood to produce in full dose ‘^a rise of the arterial pressure, 
which is enormously increased during the convulsion, after 
whicli there is a very pronounced fall in the arterial pressure.^^ 
'^Fobacco, or rather its alkaloid, nicotine, is referred to as hav- 
ing ‘Si very distinct influence'^ upon the circulation, ^^produc- 
ing, first, rise, and, afterward, fall, of pressure.^’ 

All the remarks (*oncerning the influence of inhibition of 
the adrenals in the production of muscular weakness by toxic 
doses of drugs and venoms are applicable here. Venoms by 
dissolving the blood-elements arrest adrenal functions, and this 
contributes to the fall of blood-pressure. Or the latter may be 
caused by drugs (strychnine type) wdrieh primarily raise the 
pressure sufficiently to cause inhihUive congestion or hfenior- 
rhage of the adrenals; or conversely by drugs which primarily 
lower the pressure sufficiently (arsenic type) and thus cause 
inhibitive passive congestion and hwmorrhage in these organs; 
or finally by drugs which, by causing excessive constriction of 
the arterioles (adrenalin type), block the entrance of blood into 
the adrenals and thus arrest their functions. 

Lowering of the Temperature. — The third typical sign 
of adrenal inhibition is quite as commonly observed as the two 
others reviewed. In one sense it is the most important of the 
three, for it represents, from my viewpoint, the symptom of 
which the arrest of adrenal functions stands as the direct cause, 
the adrenals sustaining, as will be shown in the next chapter, 
general oxidation, 

Phisalix^®*' refers to hypothermia as the main characteristic 
of viper intoxication. He found it to occur rapidly and to 
an intense degree, reaching in guinea-pigs as low as 22° C., 
though death usually occurred at 32° C. He also observed 
that hypothermia prevailed after injections of ichthyotoxin, 
or eel-venom, while Bottard^^^ noted it in guinea-pigs after 

^“Phlsallx: Archives de Physiologle, 1894. 

loT Bottard: Thfise de Paris, 1889. 
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injection of sea-dragon venom. Ilutinel also observed it in 
a case of cobra-bite, the temperature of the patient, a man, 
reaching down to 31.^° C. 

Acetanilid exemplifies the personal view that antipyretics 
do not really relieve liyperthermia, but in reality shift it to 
deeper organs. Wood refers to the experiments of Hare, sub- 
sequently confirmed by Evans, in which a distinct fall of tem- 
I)erature was observed to have followed the use of acetanilid in 
normal animals allowed to run free. In a criticism of these 
observations he writes: ^^In examining tlie records of the calori- 
metric experiments made by Hare and Evans on the normal 
animal, we find that not only did the rectcd temperature not fall 
under the influence of antifcbrin, but in nearly every instance 
there was a distinct rise, amounting in some cases to over a 
degree. It is evident, therefore, that these experiments cannot 
be used to explain how antifebrin reduces temperature when it 
does cause a fall.^^ In truth, they can be used for this purpose, 
but only with dilatio7i of the large vascular trunks of the abdo- 
men, and secondary iscluumia of the peripheral capillaries as 
factors of the process. The intonial congestion caused the rise 
of temperature observed by Wood; the peripheral depletion 
caused the lowered temperature observed by Hare and Evans. 
And so it appears to be wdth all drugs we term ^^antipyretics^’ 
whose main efiects arc exercised by withdrawing blood from the 
surface — shutting it off througli the intermediation of a mech- 
anism described in the second volume — and causing it to accu- 
inulate in the abdominal vascular trunks. This represents the 
type of drug in which passive congestion of the splanchnic area 
may involve the adrenals and cause inhibition, of these organs. 

The temperature in severe aconite poisoning is stated to 
undergo *^a very pronounced fall,^^ though at the very start it 
may rise slightly. Alcohol, a cardiac stimulant, at first raises 
the blood-pressure by becoming oxidized in the blood, but it was 
found by Iluge^®® to lower the temperature 3° C. when given 
in sufficient quantity to animals to produce narcosis, while a 
lethal dose reduced it 5® C. The flushed face of the drunkard 
betokens cutaneous hypericmia with contraction of the abdom- 
inal vascular trunks and congested capillaries, while the pallor 

^®*Ruge; Virchow’s Archlv, xlix, 265. 
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of the advanced stage typifies the contrary condition. Anti- 
mony is also stated to perceptibly reduce animal heat. Wood 
refers to the observation of Ackermann, who observed a fall 
of 6.6° C. in rabbits that lived five hours. In fact, tlie term 
^^cardiac depressant'^ means, in some instances, an adrenal de- 
pressant. Insufficiently supplied with its normal toite-giving 
element, the suprarenal secretion, the heart is arrested in diastole. 
Antipyrin likewise gives rise to a fall of bodily temperature, 
but we have here a set of symptoms which emphasize the pres- 
ence of further advanced suprarenal insufficiency: an eruption 
followed by a brown pigmentation. Bulla% wliicli recall those 
previously referred to as observed in children whose adrenals 
were found luemorrhagic posUinortem, also follow the use of 
this drug in some cases. 

Arsenic poisoning has already been referred to as simulat- 
ing cholera, for which, according to Wood, it has not only been 
mistaken ^^during life, but also on the post-mortem table.’^ 
Here, the internal recession of blood, and tlic resulting adrenal 
congestion explain tlie effects of arsenic as w(?ll as those of 
cholera toxin, the plienomena witnessed including that of “icy 
coldness.^^ Belladonna, witli its alkaloid atro])ine, affords a 
good example of the antagonistic effects that always prevail. 
Stimulated to great activity by this drug, the central vascular 
trunks are contracted and the surface capillaries engorged at 
first. But, wdiile the temperature may be raised by largo 
doses, as is well known, poisonous doses will bring it down 
below normal. In animals this reduction has reached 5.1° 
C. The bromides in toxic doses, to use Wood’s wor<ls, “lower 
very decidedly the temperature,^^ We have typified in tlie effects 
of these agents continued insufficiency of the adrenals, just 
sufficient to keep up moderate peripheral capillary contraction, 
with, resulting impaired nutrition: the so-called “bromism.^^ 
DougalFs case,^®® in which 1% ounces of potassium bromide 
were taken in 24 hours, probably exemplifies total su]n*arcnal 
insufficiency, weak pulse, cold extremities, temperature of 96.8° 
F., general cutaneous ana3sthesia, coma, etc. Camphor, classed 
as an anti spasmodic, is referred to as giving rise to “cool, 
pale, and livid skin^^ in poisonous doses. Carbolic acid, classed 

Dougall: Glasgow MecUcal Journal, Feb. 1803. 
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as antipyretic, was found by Ilarc^^** to produce a very dis- 
tinct fall of temperature in rabbits. Chloral, a somnifacient, is 
referred to by Wood as follows: "A most 'remarkable action 
of chloral is upon tlie temperature.^’ In this particular all 
observers agree with Itichardson, of London, who has seen the 
temperature fall F. in a rabbit which recovered. Hammer- 
sten observed a fall of 6° C. (Wood) in an hour in animals well 
wrapped up and laid in a warm place. 

Chloroform causes depression of the cardio-vascular system 
almost from the start. The central trunks, at first contracted, 
produce engorgement of tlie peripheral capillaries, causing facial 
congestion and suffusion, accompanied by cerebral excitement. 
When the dangerous stage comes on, the contrary occurs: dila- 
tion of the central trunks de])letcs tlie peripheral capillaries. 
The heart-.muscle, more or less rapidly deprived of the adrenal 
secretion, fails, probably because, as shown by Oliver and Schiifer, 
it sustains the lone of cardio-vascular muscles. These phenomena 
coincide witli tlie temperature changes. Simonin^^^ ^Tound that 
the temperature rises during the first stage (1.1° to 0.0° C.), falls 
slightly during the second or remains above normal, and falls 
decidedly during the third stage.” Cocaine, a ^Melirifacieiit,” is 
stated to cause a ^‘risc of rectal temperature in cocaine poisoning, 
which sometimes amounts to as much as 8° F.” . . . ‘Tt is 

certainly not due to convulsions,” says Wood, ^^as it usually 
occurs before the motor disturbance.” Copper sulphate was 
found by Falck”“ to cause great depression of temperature. 
Digitalis also lowers the temperature several degrees in healthy 
men and animals, this hypothermia being preceded by a 
temporary rise. 

Ether was found by Angelcsco^^^ to lower the temperature 
to a greater extent than chloroform. Hare states that ^^pro- 
longed etherization lowers the bodily heat very greatly,” and that, 
while a dog’s temperaturo may be lowered 9° F., a fall of 4° F. 
has been noted in man. Hydrocyanic acid acts with such 
promptness that the distinction between hypothermia and the 
increasing coldness of the extremities preceding death cannot 

Hare; Therapeutic Gazette, No. 519, 1887. 

Slmonln: Centralblatt fiir Chlrurgle, 234, 1877. 

Palck: Deutsche Kllnlk, vol. xl. 1859. 

“•Augelesco; La Semaine M^dicale, Dec. 14, 1894. 



THK ADRENALS IN DISEASE AND POISONING. 


63 


be differentiated. Mercury was found by Kuperwasser^^^ to 
lower the temperature 2° C., in some instances, when admin- 
istered in injudicious doses. Opium and its alkaloids are re- 
ferred to as causing the skin to become cold and .moist when 
given in toxic doses. Oxalic acid in poisonous doses also gives 
rise to livid surface and cold skin. Phosphorus is often at- 
tended, when ingested in toxic doses, with what Wood terms 
^^a remarkable fall in the temperature,^^ tlie lowest point re- 
corded some hours before deatli being 31.2® C. (88.2® F.). 
Physostigma brought the temperature of a strong man down 
to 9G.6® F. Santonin poisoning is also attended with groat 
coldness of the surface. Silver salts have likewise been found 
to lower the temperature of animals. 

Strychnine is another agent which tends also to show the 
correctness of the contention that a low peripheral temj)erature 
means an increased central temperature. Wood refers to tbe 
ol)servations of Kionka, who showed that ‘^the primary eleva- 
tion of temperature which occurs in strychnine ])oisoning, both 
in man and the lower animals, is in animals followed by a 
pronounced fall, which takes place even if fhe convulsions per- 
sisV^ and to the afTirmaiions of Mosso,’^® that ^^even in cura- 
rized dogs a very pronounced rise of rectal temperature may be 
produced by strychnine.’^ Very suggestive in this connection 
is the denial credited to Delezenne,”^ ^^who states that in 
curarized animals the exhibition of strychnine is always fol- 
lowed by an abatement of the central temperature, wliich is 
often, but not always, followed by an increase of the tempera- 
ture of the surface.” This increase Delezennc explains by ^^thc 
supposition that tlie drug has the power of dilating the periph- 
eral vessels.” It now becomes evident that the only discrepancy 
between the observations of Mosso and Delezennc is that the 
latter used smaller doses of strychnine than the former, thus 
producing central contraction and peripheral dilation, instead 
of central dilation and peripheral contraction. Tobacco, vera- 
trum, and zinc sEow corresponding effects, and close the 
list of agents whose temperature variations are considered 

’1* Kuperwasser : Archives dcs Sciences Dlologiques de St. P^tersbourg, No. 
6, 1898. 

Mosso: Archives italiennes de Blologie, 1886. 

Delezenne; Bulletin Mddical du Nord, xxxlv, 1895. 



54 


THE ADRENALS IN DISEASE AND POISONING. 


along with other toxic effects. All present a reduction of 
peripheral temperature as a sign of advanced poisoning; none 
show simultaneous central and peripheral hypothermia; sev- 
eral incidentally show that, when peripheral hypothermia is 
present, there is simultaneous internal hyperthermia. 

The personal view that the adrenal secretion becomes con- 
verted in the lungs into the oxidizing principle of the haemo- 
globin (see next cliapter), and tluis sustains oxidation in all 
tissues, accounts for the morbid effects of poisonous doses of 
drugs and venoms on the temperature. Congestion of the 
adrenals, active or passive, is caused by drugs capnhle, in fidl 
doses, of raising or depressing the hlood-pressure. If this con- 
gestion or engorgement is excessive, or sidficicnt to cause adrenal 
luemorrliage, it may inhihit or arrest the functions of the 
adrenals, and thus cause hypothermia. 

Venoms, which lower the temperature mainly by dissolving 
the blood-cells, thus inhibiting the oxygenizing power of the 
blood, also inhibit the functions of the adrenals by this process; 
but they likewise do so by causing excessive variations of the 
blood-pressure as do other i)oisons, thus affording an additional 
cause of hypothermia, 

Sl’MMAliY OF THE MOUBID EFFECTS OF DiUKJS AND VEN- 
OMS ON THE Adrenals. — Tn the light of the conclusions sub- 
mitted in the foregoing sections (pages *34 to 54) concerning the 
manner in which the functions of the adrenals are compromised 
by variations of the general blood-pressure, on the one hand, 
and the morbid intluencc on the blood -pressure and through it 
on the adrenals of toxic doses of drugs, on the other, I submit 
the following conclusions as important in the clinical field: — 

1. Drugs, such as antipyrin, alcohol, belladonna, cocaine, 
digitalis, ether, mercury, opium, strychnine, quinine, etc., whose 
action in full doses is to raise the blood-pressure, cause marked 
asthenia, hypotonia and hypothermia in toxic doses, because they 
produce, among other effects: acute congestion and perhaps 
Inernorrhage of the adrenals, and thus inhibit or arrest the func-- 
tions of these organs, 

2. Drugs, such as aconite, arsenic, antimony, chloral, hydro- 
cyanic acid, physostigma, tobacco, veratrine, etc., whose action 
in full doses is to lower the blood-pressure, cause marked 
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asthenia, hypotonia and hyi)othennia in toxic doses, because they 
produce, among other effects: passive conf/cstion or venous stasis 
and perhaps hamiorrhage of the advenats, and thus inhibit or 
arrest the functions of these organs. 

The symptoms produced by arrest ol' adrenal rnnetions are 
the same in botli groups of drugs, viz., weakness, lowering of the 
blood-pressure and temperature; but these same symptoms are 
also tlic most promiiu'nt ones in Addison's disease and after 
removal of botli adi*enals. 

We have seen on ])age dS that all this applies equally well 
to toxins — a subject treated at hmgth ir) the next chapter. 

3. Venoins. — The labors of Delezenne, Flexner and Noguclii, 
Noc and others liaving shown that some venoms — (*obra, viper, 
rattlesnake, and others — caused (1) luemolysis, tlius depriving 
tlie blood of its oxidizing power, and {2} proteolysis, thus ex- 
posing various tissues to necrobiosis and the vesst‘ls to softening; 
the adrenuts receive blood incapahte of sustaining their func- 
tions though destructive to their vascular and secretorjf elements ; 
their secrelorif aciiviijf being impaired or arrested, the asthenia, 
hypotonia and trypothermia from this source intensify the same 
symptoms due to the effects of this disorganized blood upon other 
tissues. 

Destined to suggest now lines of thought, tin' |)resent work 
would l)ave to be restricted to this chaj)ter, in so fjir as Mu* 
adrenals are concerned, 'wen? the pnnailing views as to their 
functions — that tliey serve to sustain the tone of (fie cardiac? 
and vascular inusch?s — taken as sole guide. Hut, as is now well 
known, 1 have held for several years that tliis role? is but an 
incidental feature of tlieir true functions — an assertion 1 hope 
fully to sustain in the next chapter. 
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THE FHXCrriONS AND DISEASES OF 
TllK ADEENALS. 

l XKXPLAINi:i:) PliOPKIiTTKS OK THK ADRENAL SECRETION. 

As wc' Imve sch'M, adrenal ])re])arati()iis — extracts, the pow- 
dered inland, the active principles, epineplirin, supracapsulin, 
adrenalin, ek*. — cause a rise of the hlood-pressiire witli slowing 
of tlie iieart-beat, a minute dose sufficing to produce a marked 
effect. Hut, as 1 1 owed!' states, “the effects produced by such 
exti’ai'ts are (juile teni])orarv in cliaracter. In the course of a 
few" minutes tlie bl()od-])ressure returns to normal, as also the 
hear't-b(‘at, showing that tluj substance has been destroyed in some 
way in the body, although where and how this destruction occurs 
Vs* not known/' xVll that is (‘stablished is that, as stated by 
Swale V'incent,- the secretion is fornu'd in the adrenal medulla, 
and that 'Mt passes by way (d' the adrtmal veins into the general 
cirtadation, in order to assist the activity, or maintain the tone 
of sym|)atheticaily innervated muscle and other tissue,” the latter 
including, as shoAvn by Cai done,”"^ the skeletal muscles. The fate 
of the seertdion in the blood has not b(‘en determined. From 
my viewpoint, it forms part of the respiraioni mechanism^ as a 
constituent of the hemofjlohin, besides acting as stated above. 

Adrenal preparations are all endow"ed, as first ohserved by 
\’'ul})ian many years ago, with marked reducing activity, i.e.., 
with a marked tenderu'y to take up oxygen. Al)el, wdio isolated 
the adrenal active princif)le he termed '‘epineplirin,” for instance, 
found this tcFidency so marked that it proved a source of incon- 
venience. Takamine noted that the colorless aqueous solution of 
Ids ‘‘adrenalin” w’as easily oxidized by contact with the air, its 
color ('hanging from ])ink to r(^d, and eventually to brown. 
(\ybtdski also observed that the addition of potassium perman- 
ganat(% a powerful oxidizing agent, destroyed the activity of 

1 Howoll: Lor, rit., p. 842. * 

2 Swale Vincent: “Internal Secretions and the Ductless Glands,*’ London 

1913. 

Cardonc: II Policlinico, fasc. 11, 12, 1910. 
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adrenal extract. What is tlie relationsliip between this reducing 
property and the blood-pressure raising jiower? 

Various experimenters and clinicians, including Iteichcrt,® 
Morel/* and Le])ine/’’ have observed that even non-toxic doses of 
adrenal pre])arations caused a rise of temperature. Others, 
Courmont/' for example, found tliat adrenal grafts could pro- 
duce such a rise as to warrant tlie phrase ‘‘formidable hvpt'r- 
thennia.” Convers(0y we know that destructive disorders of tlie 
adrenals, Addison's disease, for example, or removal of the 
adrenals, cause a ra])id decline of tlie temperature. This sug- 
gests that the adrenal secretion must he endowed with oxidizing 
power, and yet we liave seen that it is a rediieing agent. Jlow 
ac(‘Ount for this anomaly and for the power of adi’enal products 
to raise the te.ni|)erature ? 

When the adrenal tissue is excessive, as in the hyper- 
nejihroma of children, there is exc'cssive oxidation and overnutri- 
tion of the subject, ^.rhe jirocess of growth and develoiiment are 
such in some (‘ases as to cause a child to appear S(‘veral times its 
age — a cliild of 4 years, for example, being as largi; as one of Id. 
flow account for this j>h(‘nomenon as a result of an excessive 
production of adrenal sc'cretion, which presumably occurs when 
the secreting elements arc also in excess? 

Xot all vessels are influenced by the adrenal secretion or 
extractives. A striking fa<‘t in this coniu’ction is the apparent 
exemption of the pulmonary tissues to the (‘tfects of the secretion. 
Wallace and ]\rogk' found that, while adrenal extract caused a 
rise of the systemic lilood-pressure due to the contraction of 
the arterioles, tlie pressure in tlie pulmonary arteries is not 
raised, these vessels, in their opinion, not being aetcjd upon as 
are the others. 44iis observation Avas confirmed by Hrodie and 
Dixon.*^ A'cdic'h,” on th(’ other liand, found, by a series of experi- 
ments instituted to asc'crtain whether vasoconst ri(‘tor fibers 
existed for the pulmonary vessels, that adrenal extrac t gavc^ rise 
to but a slight rise of pressure. Warm adrenal extract, which, 

* Reichert: Univ. of Penna. Med. Bull., April, 1901. 

* Morel : Le Progrfts Medical, Aug. 3, 1903. 

Lupine: La Semaine m^dicale, Feb. 18, 1903. 

" Courmont: Congrds de Medecine Interne, Montpellier, 1898. 

T Wallace and Mogk: Transactions of the Physiological Society. Dec. 
28-30, 1898. 

« Brodie and Dixon: Journal of Physiol., vol, xxx, p. 416. 1903. 

•Velich: Wiener med. Wochenschrift, No. 26, 1898. 
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when applied even to the skin, causes pallor, was found by him 
to exercise no such effect upon the siirraee of the lungs. This 
accounts for tlie familiar fact upon which Parlion and Golstein'“ 
lay stress, that intravenous injec-tions of adrenalin can produce 
acute pulmonary (iHlerna, owing doubtless to the marked rise of 
blood-pressure in the rest of the organism. Why this exception? 

Such were the questions which J attempted to answer in the 
first edition of tliis work, which appeared in 19013, The only 
experiments on the connection between the adrenal secretion and 
respiration had been those of Oliver and Schafer and Langley — 
the inji'ction of adrenal extracts into animals, with temporary 
arr(‘st of r(‘Sj)iratory movements — due doubtless to spasm of the 
respiratory muscles — as result. But obviously they taught noth- 
ing as to tlie j*(‘spiratory process per se. When, however, the 
avidity of the adrenal product for oxygen, its influence over 
general oxidation and nutrition, and the invulnerability of the 
lungs to its at'tion, (m tlie one hand, and the fact that both 
pulmonary and tissue respiration still belonged to the domain 
of conjecture, on the otlier, are taken into account, there was 
good ground for the belief that a connection between the adrenals 
and the respiratoiw ])roc(‘SS actually existed. 

TfIK ADIIKXAL SKC'KETION AS Till] OXIDIZING 
AGENT OF THE II.EMOG EOBIN. 

Tliat the pri’vailing view on the ]>hysiology of respiration, 
based on the ditfusion of gases, has not been, and is not now, 
endorsed by all physiologists is now well known. ^^When,^’ 
writes Bro lessor Jlathias Duval,^^ of Paris, ‘bin animal is caused 
to breathe in the smallest possible space — tlie air imprisoned in 
its lungs — it uses up all the oxygen in the air. This is because 
luemogloliin, in virtue of its chemical affinity, ial^es up the 
oxypen as fast as this yas is dissolved in the serum so that the 
latter, always despoiled, is never able to satisfy its absorption 
coefficient for oxygen, however low be this coefficient, and how- 
ever slight be the tension of the oxygen in tlie surrounding air. 
As to the exhalation of carbonic acid, it is not produced so 
simjdy as would a priori seem, by mere gaseous diffusion or by 

Parhon and Golstein: Lor. eft., p. 72.5. 

Mathi.na Duval: Cours dc physiologie, 1892, 

All italics are my own. 



THE ADRENAL SECRETION AS THE OXIDIZING AGENT. 


50 


the mere giving off of a gas in solution, because of tlie scarcity 
of the gas in the surrounding atmospliere. Indeed, the air in 
the pulmonary vesicles contains 8 per c‘ent. of carbonic acid, 
hardly a favorable condition for the escape of cailxmic acid from 
the blood, especially since a portion of this gas is not dissolved, 
but combined with the serum salts. It is therefore ])ro])abIe that 
the pulmonary tissues are the scat of an action having for its 
object to rapidly dislodge the carbonic acid. This action is 
probabty of a chemical nature. . . . Whenever oxygen is 

mixed with venous blood, even in vitro during e\j)eriinents, the 
carbonic acid is immediately given off. One is l(‘d to admit, 
therefore, that the combination of oxygen with the blood- 
cor])uscles (oxyhaanogloludin ) ])lays a role analogous to that of 
an acid, and involving the elimination of carbonic acid from 
venous blood.'’ lie refers to Robin and Wu'deil’s view in respect 
to the existence of a hypothetic “j)neumonic at'id" and to the 
ex])erimeiits of Oarnier,’'' who observed that ultramarine blue, 
sprayed into tlie lungs of living guinea-|)igs, lost its color: a 
phenomenon which rould only occur tlirough tlu* presence of a 
strong acid, neither taurin nor carbonic acid being ca|)abl(‘ of 
producing it. "“(Iiemic'al analysis of the lung has not disclosed 
a sjiec'ific acid, liowev(»r.” 

“It is, perha])s, wrong,” adds Professor Duval, himsedf a 
prominent physiologist, “for jihvsiologists to (*ontinue to only 
see in these ])henomena mere results of endosmosis of li<]uids 
and of diffusion of gases through an inert membrane.” As a 
clinician, 1 would urge that this theory is harmful in its far- 
reaching conse(|uences. I have point(?(l out that the aiu’otonome- 
ter, upon which it is mainly founded, is a defective instrument, 
and that it is liecause of this that the results recorded by 
various physiologists have been divergent to such a.degn?e that, 
in some instances, the diffusion of oxygen should occur, to cor- 
respond with its indication in the wrong direction, i.e., from the 
haemoglobin to the alveolar air, the tension of oxyg('n in the 
arterial blood being actually higher than the f>res.suie of oxygen 
in the air-cells. 

I characterize the prevailing tlieory as “liarmful” because 
the physiologist, engrossed in his own field, does not realize that 

” Gamier; Comptea-Rmdua <la rAcad^iaia den Scleaccs, July 26, 1886. 
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he is dealing with the foundation of probably the most impor- 
tant problem of our day in its intiuenee over human life, viz., 
immunity not only in the tissues at large, but at the very tlvresh- 
old of infection — the pulmonary alveolar surface, and the alimen- 
tary canal, as will be shown later. 

The Adrenal Seckktiox in Plilmonaky Pespiuation. — 
In tile first edition of the present work (1903) 1 advanced the 
view, sustained by considerable evidence, that the adrenals took 
a leading jiart in the respiratory process by supplying a secre- 
tion wliicli absorbed the oxygen of the air in the pulmonary 
alveoli, then became a part of the hamioglobin and of the blood- 
plasma, which in turn carried it, as oxidizing principle, to all 
tissues. 

Three years after this opinion was formulated, a noted 
English ])hysio]ogist, Pembrey, wrote’"* in an impartial review of 
the recent advances in physiology and bio-cheinistry : ^^It is 
impossible to give a satisfactory account of the gaseous exchange 
between the blood and the alveolar air.” . . . ^‘The body of 

evidence has been steadily increasing in favor of the secretory 
theory, especially as regards the absorption of oxygen.” This 
theory is that of Bohr, advanced in 1<S91, which attributes the 
oxygen-absorbing power and the excretion of carbon dioxide to 
active seerdory processes carried on by tlie lining membrane of 
the air-cells. Wliile the need of a secn’ction capable of absorbing 
the oxygen has been steadily growing in favor, however, the 
secreting membrane has not been found. 

This is explained when the resf)iratory process is considered 
from my viewpoint: It is not hy a local memhrane that the 
reducing secretion is produced, but hij the adrenals. As shown 
below, its properties and itinerary are precisely those required 
for the j)rocess, while its presence can be traced at every step to 
the haanoglobin itself, of which it forms part. 

A succinct review of the experimental evidence which has 
invalidated the diffusion doctrine, and of that upon which my 
conception of the respiratory process is based, will perhaps serve 
better than a prolonged analysis of the question (for which the 
reader is referred to previous editions) to convey the actual 
status of the question. 

Pembrey: Hill’s “Recent Advances in Physiology and Bio-Chemistry,** 
p. B49, 1906. 
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Paul Bert/ "* thirty years ago, showed exjieriiuontally that the 
absorption of oxygen by the pulmonary blood [)ersisted, even when 
the pressure of this gas was almost nil, Muller also observed 
that a strangulated animal exhausted the air in its lungs of all 
its oxygen, while Setscheiiow and Holmgren,^'' Ziintz,^" and otliers 
found but traces of oxygen in the arterial blood of asphyxiated 
animals. This suggested that the ditfusion doctrine was defec- 
tive, and tliat the absoridion of oxygen from the air was due to 
the presence, in the blood circulating through the lungs, of some 
substance capable of taking up tliis gas. This conclusion was 
sustained by the researc'hes of Bohr,^^ Haldane and liOrrain 
Smith, Vaughan Harley,-** and Bohr and Henriques,-^ tlie last- 
named investigators referring to it as a substance ^‘having 
greater avidity for o.xygen than the blood itself” and pri'suniahly 
kind of internal secretion.” 

This view has been antagonized by some of the advocates of 
the dilfusion lli(‘ory (whos(‘ aerotononudric* figures arc? sugges- 
tively discordant), hut as we have seen the “’evidence has been 
steadily increasing in favor of the secretory tlux)ry, especially as 
regards tlie absorption of oxygen.” 

Having repeatedly noted the powerful reducing properties 
of adrenal extractives, it occurred to me that the* secretion of 
the adrenals might fulfill this role. Anatomical studies in 
various lower animals and in man, and a systematic rciscxirch in 
the literature of the subject, demonstrated that it met all the 
conditions required to satisfy so irnpoi'tant a function. 

The first deduction imposed l)v these researches was tliat 

The secretion of the adrenals has a marked affinity for 
oxygen, and inevitahly reaches the inilmonary air-cells. 

Vulpian,^- over fifty years ago, found that adrenal juice 
reduced iron perchloride and iodine. (*ybulski“*‘ rec.'orded a 
similar action on potassium permanganate; Langlois^^ noted, 
however, that adrenal extract lost its reducing properties in vitro 


«Paul Bert: C. r. de I’Acad. des sci., Oct. 28, 1878. 

” Setschenow and Holmgren, cited by Ludwig; Wiener med. Jahrb., 21 at 
year, I, p. 145, 1865. 

”Zuntz: Hermann’s “Handbuch,” Iv. part 2, p. 43, 1882. 

Bohr: Skandin. ArchIv fUr Physlologie, p. 236, 1691. 

^•Haldane and Lorrain Smith; Jour, of Physiol., xxii, No. 3, p. 231, 1897. 
Vaughan Harley: Ibid., xxv, No. 1, p. 33. 1899. 

Bohr and Henriques; Arch, de physiol., ix. pp. 4»9 and 819, 1897. 
**Vulp1an: C. r. de I’Acad. des scl., p. 663. Sept. 29, 

“Cybulskl: Gazeta Lekarska. 2d series, xv. pp. 299-308. 189;>. 

** Langlols: Arch, de physiol, norm, et pathol., x, p. 124, 1898. 
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when oxidizing compounds were added. As to tlie action of the 
atmospheric oxygen, Battelli^® found that adrenalin did not lose 
its projx'rties wJien contact with air was prevented, while Abel/** 
Takamine,-’^ and otliers refer to this property as a source of 
trouble in laboratories, the latter chemist specifying, in fact, that 
adrenalin becomes oxidized by contact with the air. 

That the adrenal secretion inevitably reaches the air-cells 
was made clear by a study of tiie anatomical relations between 
the adrenals and the lungs. Tiie blood of the efferent vessels of 
tlie adrenals, tlieir veins, passes to the inferior vena cava, directly 
on the right side, and by way of the renal vein on the left. The 
actual ])resence of tlie adrenal secretion in tlie blood of the 
adrenal veins is shown by many exjieri mental facts. Gottschau,”^ 
for example, traced Iiyaline granules (found subsequently to be 
their secretion) from tlie interior of tlie adrenals to their veins. 
This observation was conlirmed and amplified by Manasse,'® 
Aulde,^'* and Stilling/'^ J’faundler*- traced the same granules 
from the interior of the organ along the adrenal veins to the vena 
cava itself. It is doubtless the adrimal secretion and no other 
which is carried by the blood of the vena cava, for, when blood 
originating from the adrenals on its way to this great trunk was 
injected into animals by Cybulski and Scymonowicz,’*^ it pro- 
duced the characteristic effects of adrenal extract. These results 
were (‘on finned by IVicdl/'^ Langlois,**** and Drever.*’*** Scyniono- 
wicz, Biedl, Drever, Salvioli, and Pizzolini**^ found, moreover, 
that such effects could not be obtained with venous blood obtained 
from other parts of the body. 

The next fact to assert itself was that 

On rearhinfj the air-cells, the adrenal secretion absorbs 
oxygen and becomes a constituent of hwmoglobin and of the red 
corpuscles. 


3895; 
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Auido: Brit. Med. Jour., May 4, 1894. 

Stilling: Arch. f. path. Anat., cix, p. 324, 1897. 

Pfaundler: Sitzungsber. d. k. Akad. d, Wissensch. Mathem., cl, p. 3, 1892. 
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While a reducing substance has been found necessary, we 
have seen, to account for the absorption of oxygen from the 
alveolar air, it happened that the greater part of the haemoglobin 
molecule was composed almost entirely of an albuminous sub- 
stance which had remained unidentified. Gamgee,’*'' for instance, 
states that “lia*nioglobin exists in the blood-corpuscles in the 
form of a compound with a yet unknown constituent of the cor- 
puscles.” This body lie defines as the “’albuminous moiety of the 
luemoglobiii molecule” and,**** as representing DG per cent, 
of this molecule, the remaining 4 per cent, being the iron- 
laden luematin. Xow, 1 found that this “unknown constituent” 
of hamioglo])in (‘onesjionded in its physicochemical properties 
with the adrenal seci*ction. Gaingce/’* for exam [do, states that 
hajmogloi)in is insoluble in al)solute alcohol, cliloroforrn, benzol, 
ether, and all organic solvents: \'ulpian“ liad already noted 
tliat, of all glandular j)roducts, that of the adrenals alone sliowed 
this peculiarity. (Jautier,^^ Moore,”*** and 'J'akamine also refer to 
it. Again, according to Moore and Purinton,”** adrenal extracts 
are rapidly destroyed ])y alkalies; this is also a characteristic of 
liicmoglobin. This pigment likewise resists Jieat up to tlui boiling 
point; this applies also, according to (^ybulski,”**"* Moore,”*** and 
otliers to adrenal extract. Finally, Mulon”*^ found that the red 
corpuscles gave the histochemical reactions of (he active jrrimdple 
of the adrenals, thus showing that these blood-cells actually con- 
tain this principle. Since then the adrenal reaction has l)een 
obtained from blood-elements wlierever sought, including that 
of the placenta. 

In confirmation of this conclusion is llie fact that 
The oxy(jen-laden adrenal sreretion in a conatituent of the 
albuminous luemofjlobm in the hlood-plasnia, 

Battelli'*'* and Kraus*''^ found adrenalin in the blood, the 
latter author in Graves’s disease. That this principle is a 
constituent of tlie albuminous portion of "iaunogh>l)in voided 

»»Gaingee: Schafer’s “Text-book of Physiology,” i, p. 189, 1898. 

"Gamgee: IhM., p. 207, 1898. 

"Gamgee: Tbid., p. 206. 1898. 

" 'Vulpian: C.-r. do I’Acad. des Scl. do Paris, Sept. 29, 18i»6 

^Gautier: Chimie blologique, p. 355, 1892. 

** Moore: Journal of Physiology, xvll, p. xlv, 1894-95. 

“Moore and Purinton: American Journal of Physiology, iii, p. 15, 1900. 

“ Cybulskl : Gazota Lekarska, Mar. 23, 1895. 

“ Moore: Loc. cit. 

Mulon: Personal Communication. 

“Battelll: C.-r. de la Soc. de Rlol., llv. p. 1)79, 1902. . 

"•Kraus: Cited by Brugseh. Folia Therapeutics, Jan., 1909. 
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by red corpuscles in the plasma suggested itself when Schmiede- 
berg/® daquet/"'** Abelous and Biarnes,®^ and other chemists 
showed that blood-plasma contains an oxidizing substance, sub- 
scijuently known as oxidase. Not only was it found to resist heat 
at least up to the boiling point and to possess other chemical 
characteristics of tlie adrenal principle, but the actual presence of 
the latter is confirmed by other facts. Thus, in 1853, Traube had 
concluded that luemoglohin could not fulfill the physicochemical 
functions ascribed to it M'ithout the aid of a catalyzer. Poehl"*- 
showed that tlic adrenal principle was a catalyzer, while Jolles"’** 
jarinted out that the activity of a given volume of blood as a 
catalyzer corresponded with the number of red corpuscles it con- 
tained. It is because of this that Oliver and Schafer found that 
oxidation of tlie adrenal principle .does not occur in the blood; 
acting as a catalyzer it simply transfers oxygen from the pul- 
monary air to the tissues without being itself modified by the 
contact. Finally, Bernstein and Falta"''^ recently found that 
‘‘injections of adrenalin in healthy persons produced an increase 
of the consumption of oxygen and of the production of carbonic 
aedd together with anjnerease of the respiratory quotient.^’ 

Additional evidence to this ell'ect and an explanation of 
the role of the red corpuscles were afforded by the next conclusion 
reached : That 

The red corpuscles, after ab^orbinej the oxygenized adrenal 
secretion {the albiuninous constituent of their luvmoglobin) yield 
it to the blood-plasma in the form of droplets, the so-caJled 
*d)lo od-pl aiele Is/* 

As (lamgee^’"’ teaches, liaemoglobin, under the influence of 
various chemical agents, ^‘undergoes a decomposition of wliich 
the chief products are, an albuminous substance or substances, 
and a coloring matter whicli contains the whole of the iroiP^; but, 
as he also says, “the coloring matter of the red corpuscles is not 
extracted from them by the plasma.” 1'his does not, however, 
apply to their albuminous substance. That they discharge the 

Schmiedeberg: Archiv f. exper. Path. u. Pharm., vi, p. 233, 1876. 

*^^Jaquet, cited by Salkowski: Archiv f. path. Anat., Jan. 4, 1897. 

Abelous and Biarn^s: Arch, de physiol, norm, ct pathol., 5th series, yii, 
pp. 195, 239, 1895. 

*“-'Poehl: Indian Lancet, May 22, 1904. 

®'*Jolles: Mtiuch. med. Woch., p. 2083, Nov. 22, 1904. 

Bernstein and Falta: Abst. in London Lancet, June 29, 1912. 

“Oamgee: Loc. cit., i, p. 189, 1898. 
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latter in the plasma is rendered evident by various facts. Tjouis 
Elsberg/® tliirty years ago, observed ‘hi ])rojec‘tion of a piulieu- 
lated granule or knob” from the periphery of red eor[>useIes. 
J lirschfehP'^ traced tliese granules from tlie interior of these ci'lls, 
through one or more minute apertures whieli closed up again, to 
the surrounding plasma. Brockbank’’'' gave recently a beautiful 
micropliotograpli of “jilateleis in, or being extruded from, red 
cells.” Again, Deti^manir"’'-^ noted that the buds on tlu‘ surfai*e 
of the red i;ells “at lirst are attaclied to the cell by protoplasmic 
processes and contain luemoglobin” ; but that, ‘haler, the buds 
become separated from tlie cell, losing their luemoglobin.” This 
does not militate against (iamg(‘e's statcamait that the coloring 
matter remains in the corpnscle.s, hut it indicates that the 
albuminous constituent is voided into lh(‘ ))lasma. 

These albuminous droplets (which, in IDOd,''''* 1 identified as 
the familiar having absorlxul oxygen in the lungs, 

should, in the light of preceding deductions and owing to tlu* 
catalyzing property of their a<lrenal ])rinciple, be able to sur- 
render their oxygi'n to any agent in the blood or tissues poss(!Sse<l 
of sunicient reducing power to appropriate it. hliat this applies 
to the dro|)lets is shown by the reaction toc(‘rlain stains. IVittcui''* 
and others found, for example, that blood-platehds d(U’iv(‘d from 
the red corjmscles are best stained with nudhylene-blue ; Sten- 
gel, White, and P(‘pj)er'‘- state, in fact, that “inethyl(‘n(‘-i»liK* gave 
the only positive results.” This indi(*ales that the droplids are 
certainly ricli in oxygen — as their identity as the oxygenized 
adrenal secretion would suggest — for, as hhirlieh teaches, oru* of 
the conditions “essential to the methylene-blue readioir’ is 
“oxygen saturation.”*'’* 

A study of the melanins then showed that 
The alhNnri}ions ronsUi urni of the lia'iHOff/ohiti , or o.ni<inx- 
laden adrenal secretion^ is (lisiribuied hy the red vorjrmcles to all 
parts of the body as an oxidizing agent. 
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Leonard Hill/* Ilirschfeld, Chittenden and Albro,®*^ and 
most classic writers look upon melanins, the brown and black 
pigments found in certain forms of sarcoma, in the tissues, the 
blood, the urine, etc., in various morbid states, as haemoglobin 
derivatives. Wliile Momer, Brandi, and L. Pfeiffer^** found that 
it contained iron, and accept this origin, Nencki and Berdez®^ do 
not, because they failed to find tliis metal in the pigment isolated 
from a melanotic sarcoma. Tliese discordant opinions are har- 
monized, liowever, by the newer conce])tion 1 submit: The first- 
named authors dealt with whole haemoglobin, containing, there- 
fore, its iron; while Nencki and Berdez dealt quite as surely 
with haunoglobin, but only with its albuminous constituent. 

Having traced to the adrenals the origin of the active agent 
of this albuminous liau/ioglobin and this substance being melanin, 
the presence of the adrenal principle in melanins should be 
shown. In the first place these pigments were found by Walter 
Jones®® insoluble in alcohol, ether, benzol, chloroform, etc., i.c., 
precisely as Vulpian, Moore, and otliers had found to be the case 
with the adrenal principle. This applies as well to the action of 
alkali(*s, to wliich Jones, Abel and Davis®® found melanins very 
sensitive, and to other tests. In the second place direct evidence 
was afforded by Boinet,'® who found chemically that the bronze 
pigment of Addison’s disease was identical to melanin, and also 
by Miililmann,'^ who discovered independently that the Addison* 
ian pigment was a product of the adrenals. 

Finally, as the connection of the adrenal product with res- 
piration and oxygenation I urge, suggests: — 

An excess of adrenal secretion causes a nse of temperature. 
This action was first observed by Oliver and Schafer. 
Reichert recorded a rise of C. in the dog, having reached 
this temperature ^fin less than forty minutes.^^ In three experi- 
mental animals it ^^continued hypernormal for over two hours.’’ 
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^“Boinet: Marseille m6d., April l.'i, 1896. 

Mtihlmann: Deut. mod. Woch., No. 26, p. 409, 1896. 

Oliver and Schftfer: Jour, of Physiol., xviil, p. 230, 1895, 
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MoreP^ noted a rise of 0.5° to 1° C. (0.9° to 1.8° F.) in guinea- 
pigs. Lepine'*'^ states tliat the increase of blood-pressure caused 
by adrenal extract is always followed by a rise of teiniierature. 
This is controlled by the familiar fact, first observed by Brown- 
Sequard, that removal of the adrenals is followed by a steady 
decline of temperature and by the hypothermia which attends 
Addison’s disease. 

Additional evidence on tliis particular feature of the gen- 
eral problem will be found in Volume 11, 1 studied, for example, 

the evolution of the red corpuscles tbrougbout the animal scale"'* 
and learned that they were tardy additions to the blood as storage 
cells when the luemoglobin diirused in tin* |)las.ma, as it is in 
many invert(;brates and in certain low \'ei*tebrates, failed to 
satisfy the needs of the vital pro(*ess. Having beiai brought to 
the conclusion that, contrary to what is now taught, it is tlu^ 
plasmatic luemoglobin which carries oxygem to the tissues and not 
the red cells (though the.se act as storage cells for it as a con- 
stituent of their albuminous baunoglobin) , I traced this sub- 
stance in various tissues and organs, including the mu'vous 
system, the guaiac and metbylene-blue t(‘sts b(‘ing those* most 
frequently employed. Again, I found that the oxidas(*s gave the 
reactions of the oxygen-laden adrenal secretion. Hence the 
term I applied to the latter: adrrnoxidasvJ'^ 

On the whole, this evidence, considered collectively, secmis 
to me to afford a solid foundation for the conclusion that 

It is the adrenal scare lion which, after absorb inf/ o.ryfjen 
from, the /mlmonary air and beiny laken n/f by the red ror/jnsr/es, 
supplies the whole oryanisni, inrliidiny the blood, with its o.ryyen. 
It is, as such, the oxidiziny constitnenl of the hfvrnoylobin, which, 
in turn, sustains tissue oxidation and nietabotisni. 

This latter function is treated in detail in the second 
volume. ^^That the suprarenals are r(‘lat(‘d in some way to 
metabolic changes in the tissues and organs,” says Schafer,^'* 
''tliere can be but little doubt. This is indicated hy the symjitoms 
of Addison’s disease.” 

Additional evidence in favor of this conception of the role 
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of the adrenal secretion is aiforded by the fact that it accounts, 
as will he shown by a few examples, for the properties of the 
adrenal secretion and preparations that the prevailing restricted 
view fails to explain. 

Tncri'ased oxidation clearly accounts, for instance, for the 
ohsei'vations of lieichei't, Morel, Ixipine and others, referred to 
above, that ev('n non-loxic dos('s of adrenal extractives produce 
a rise of tenif)erai ure, or I hose of Israel"’* which showed the great 
frecpiencv of fever in tumors of the adrenals, or those of (.’our- 
monP''* in which adrenal grafts |)roduced without the least 
evideiicci of infe('tion what he ('harac'ii'rized as a ‘‘formidable 
hyperthermia.” In the latter ('ases it peu'sisted until death oc- 
curr(‘d. Nor is it an e])h(‘meral |)henomenou, as is the case 
wilh the rise of ))lood-j)ressure, in the exp(‘rimental use of 
adrenal preparations, for, as Keicliert observed in his experi- 
ments, the high temperature persisted as mucli as two hours in 
some of the animals. 

Again, adivnal pre])arations are familiarly known to raise 
the hlood-pressure ; but, obviously this tells us only rvhat they do, 
but not how they do it. This becomes clear, however, when the 
adrenal sec'retion as the aedive constituent of haTnoglobin is 
regard(*d as the oxidizing agent of the tissues, and, as such, an 
active factor in metabolism. The inuseular elements of the arter- 
ies being tlumiselves the seat of increased metabolic activity, they 
are caused to enn tract, thus raising tlie b]ood-])ressurc. As 
shown by Oliver and Schafer, however, there is also a direct 
action on the arterioles, and by l\Ieltzer‘^^ a similar action on the 
endothelium of the (capillaries. ^Phis local effect is due also to 
the enhanced metabolic activity of the adrenal product, its 
identity as catalyz(?r enabling it to activate oxidation in any 
tissue with which it conu'S into contact. 

'^idie excessive growth of children caused by liypernephroina 
also finds its normal explanation in the inordinate oxidation, due 
to the overproduction of adrenal secretion. F. de Mira‘S*® found 
(‘\j»erimentally that the adrenals stimulated growth in general. 
The surplus of nudabolic activity clearly accounts for the en- 
haiurd nutrition. 

Israol, fited by MoflfUt: Bo.ston Mpd. and Surg., Jour., Oct. 8, 1908. 

Coiirniont: Coiigr^s do M^dooinc Intorne. Montpellier, 1898. 
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111 its relations to general diseases, the identity of tlie 
adrenals as tlie eojitrolling agents of oxidation aeeonnts for 
that ubiquitous symptom, fcrcr, tlie mei'lianism of wliieh lias also 
remained obscure. 'Jdiis gives these organs a prominent ])ia(*i‘ in 
pathology. Indeed, if the modern doctrine that fever up to a 
certain limit is the outward expression of an aulo-pi*oteetiv(‘ or 
immunizing jU’oei'ss is sound— and the bulk of evidimee strongly 
sustains this view— -the adrenals, as direct fadors in f(‘V(U\ Ixvome 
also direct faidors in prot(‘cting the body against dis(‘as(‘. . TIuMr 
role in the e(‘onomy thus assum(‘s noble ])roporti<uis in the (ex- 
treme, since l)y tiudr influenci' on iissiu* oxidation llir adrriuils 
sustain life, while through tludr participation in immunity ihi'y 
defend life. 

Addison’s disease may he diu*, as is widl known, t.o iiilx'r- 
culosis, cancer, (uha'liosis, and r)|ii(‘r o?'ganic disordcj’s of tlie 
adrenals, or to pathologic chang(‘s in the solai* plexus and scani- 
lunar ganglia. Hut lioir do these lesions caiisi' the Aihlisonian 
syiidronu' in all its (‘ompl(\xily ? Many tln'oihes havi' h(‘en 
vouclisafed, but, in truth, as Anders'"- puts if, ‘‘the pathologic 
conneidioM between the symptomatic • ])h(*nomena of Addison’s 
disease and the anatomic* h'sions has not he(*n made* out.'' Now, 
consider the disease with the adrenals as governing oxidation and 
metabolism: ^hhe adrimals iK'ing the seat of dtst laietivc* h'sions, 
these three conjoined functions increasingly show signs of 
deterioration; hence the low temperaturi‘ and clamminess due to 
deticient oxidation; the marked and progressive asthenia, with 
great lassitude, due to inad(‘quate metabolism in all muscles; the 
small and feeble ])ulse and weak heart action and steady I'owei ing 
of the blood-pressure due also to inadecpiate metah(»lisni in the 
cardiac and vascular muscles; the tendency to vei'tigo and the 
mental torpor due to ischaania of th(‘ cei-ehni.m, th(‘ resuli, in 
turn, of the general vasodilation and of (he n*sulting wi(hdF*awaI 
of blood into tlie decji vessels, and, iinally, the lu’on/ing, due like- 
wise to vaso-relaxation and circulatory torfior, the latter (‘iitailing 
the deposition in tlie epidermis of what has beem (ound chemically 
to be tiie oxidized adrenal ])rodnct, melanin. 

The experimental jiroduction of glycosuria by injections of 
adrenalin reported by Blum, (Voftan, Ih rter, and others is now 

“Anders: ''Practice of Medicine,” p. 489, 9tii fd., 1909, 
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familiar to every one. The labors of Pollak*^^ have shown that, 
as I liad previously suggested, this fonn of glycosuria was due to 
some relationship between the adrenal product and the hepatic 
glycogen. But what is this relationship ? Here, again, the role 
of the adrenals in oxidation and metabolism supplies the explana- 
tion: By raising the blood’s asset in oxygen, the adrenal active 
principle injected raises the rate of metabolic activity throughout 
tile entire organism, including, of course, the pancreas. This 
organ being (‘aused to secrete an excess of amylopsin, which in 
turn conv(‘rts an excess of glycogen into sugar, the proportion of 
the latter in tlie lilood vsoon exc(*eds the needs of the body, and the 
surplus is eliminated in the urine. Tlu; ])articipation of the 
adrenals themselves in the process is controlled by various facts. 
Hertcr, for example, found that glycosuria was caused when the 
adrenals were compressed in such a way as to increase the outflow 
of secretion, while, conversely, ligation of the adrenal veins which 
transfer the secretion to the inferior vena cava caused the sugar 
to diminish rapidly, lioth in the blood and in tlie urine. That 
our resources in the treatment of dial>et(‘s are enlianced by due 
consideration of the part played by the adrenals in one of its 
forms is soon shown liy therapeutic results obtained. 

Many otlier disorders the jiathogenesis of which is obscured 
and the treatment of which is iinsatisfactorv, mainly owing to 
the fact that the adrenals are overlooked in their pathogenesis, 
are desci’ibed in detail in tlie second volume. The facts sub- 
jnitted in the foregoing pages will suffice, however, to suggest 
that the function now aitrihuted to the adrenals, i.e., that of 
sustaining the tone of the vascular sgsieni, is but an epiphe- 
nomenon of its true function: that of susiaining pulmonary and 
tissue respiration. 


THE GOVERNITSTG CENTER OF THE ADRENALS. 

THE PITUITARO-ADRENAL NERVE. 

That organs fulfilling siudi important duties in the organism 
as the above sliould be governed by some nerve-center almost 
imposes itself when we consider that many functions of rela- 
tively minor importance — color vision, coughing, sweating, ear 


Poliak: Arch. f. exper. Path. u. Pharm., Bd. Ixl, S. 149. 
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movements, etc. — are supplied witli one. ]\Iv researches in this 
connection tirst showed tliat: — 

The (jovenihuj center of the adrenals is neilher located in 
the cerehnnn nor in the inedulla ohlontjala, hut in some oiujan 
at the base of the brain. 

IJemoval of both hemispheres does not iniluenee tenij)era- 
ture, as shown by Fredericq,''* Goltz, and others. Gorin and 
van BenedeiF® found in fact that, in decerebrated pigc'ons, the 
oxygen intake and the carbonic acid output did not d lifer from 
that of normal pigeons. Pembrtw''’’' states moreover that “the 
rapid rise in te.m])(n*atnre whicli occurs wlien a hi])crnating 
marmot awakens is not ])revented by removal of the central 
hemispheres.^’ This applies as well to so high a mammar as the 
dog, in whi(‘h, as shown by Ooltz,''^ removal of the liemisplH'res, 
including a part of the optic thalami ami c()r|)ora striata (whovse 
functions are also annulh'd by removal of tlu' cortex, the 
impulses of whi(di t!i(‘y transform and transmit), did not inliT- 
fere with any ])urcly vegetative function. Kvi<h‘ntl\\ tluM’crore, 
although the hemispheres and the basal ganglia (*an, when the 
seat of lesions, caus(‘ a rise of temperatur(‘, tlu! h(*at I'cviiter is not 
located in these organs. 

The base of the brain, howev(‘r, asserts itself as a ])atbway 
for thermogenic impulses. AVhile Tschetschicbin, in 18(i(;, 
Sclirciber,'''* and IteiclH'rF^*’ located a th(‘rmoaug,m(*ntor center in 
the pontobulbar region, Ott,'”^ Tangl,**^ and Sakowitscld'- obtaincfl 
a marked rise of tiMnperature by producing lesions higlier up 
i.e,, in the floor of the third ventricle and tlie tuber cdnenMim. 
But, as Bicliet lias long held, and as {Schiifer’*'’ states, examina- 
tion of such experiimmts shows that “the results an^ clos<*ly 
dependent upon the establishment of an irritative lesion in parts 
which arc either directly in or in close ])roximity to tlie path 
taken by motor impulses.” On the whole, the tlufrmogenic 
lesions in the basal tissues must have irritated nerve-paths from 
some structure lieneath the hemisjdieres. 


“♦Erdd^rlcq: Arch, de blol., UI. p. 747, 1882. 

Corin and van Bcncdpii: Ihiil., vU, p. 2r>5, 1889. 

"•Pembroy: Schafer’s “Text-book of Physiolopy,” 1, p. 864, 
Goltz: Arch. f. d. gcs. Physiol., 11, p. 570, 1892. 

Schrelber: Ibid., vlil, p. 676. 

Reichert: Jour. Amer. Med. Assoc., January 18, l.K)2. 
»>Ott: Therap. Gaz., June 15, 1903. 

•iTangl, cited by Ott: Ibid. 

•* Sakowitsch : Neurol. CentralbL, xvl, p. 520, 1897. 

•8 Schafer; Loc. cit., ii, p. 717. 
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Fiirtlier study of tlio question then sliowed that: — 

The pituitary body sriidx nerve-libers upward io the tuber 
cinereuni and the walls of the third ventricie, and thence to the 
pontobulbar region and spina! cord. 

As just sliown, the heat (‘ontcu* ean only lie located, beneath 
the brain and basal i^ini^lia. Xow^ anlerioi* to the o])tie thalami, 
the corj)ora striata, and tlu' seat ol' the thornioocnie lesions pro- 
(liK't'd by Olt and otliei’s, thi'n' exists no or^nii ca])able of gener- 
ating^ nerve inipulses by way of the tuber cinereuni other than 
the pituitary body. 'Idle labors of nuiny investigators in recent 
years have overthrown the vi(‘w that any ])art of the pituitary 
body of man is vestigial. As irerring-''^ concluded re('ently on 
histological grounds, ‘‘it is an organ of physiological importance.^^ 
The various kinds of lU'rve-cells, neuroglia-cells, and ependyma- 
cells d(‘S(‘rihed by Herkley in the jiosterior lobe are of as great 
physiological imjiortance, from my vi(;w|)oint, as any in the body 
at large, (dishing'^"' recently confirmed by a large number of 
experiments the fact previously emphasized by many investi- 
gators, that complete removal of the pituitary invariably pro- 
duced death. 

Sajipey, Taischka, IMiiller, and others of the older anato- 
mists refer (o the presence of nerve-libers passing from the pitui- 
tary body along its pedicle, up to the third ventricle. But it was 
only after tlu‘ (Jolgi method had been introduced that this fact 
could be jilaced on a solid basis. Ihimon y (dijah^^' then found 
that the flbcu’s passed iqiward to a large nucleus behind the optic 
thalami. »Joris‘‘' also found histologically that ^hiumerous fibers 
d(‘scend in ])arall('l lines along the pedicle of the pituitary. 
They do not all come from the retro-optic nucleus,'” he writes; 
‘^some come from n'gions posterior to the infundibulum”. . . 

Hearing directly upon the production of thermogenic impulses 
is the discovery hy Oentes*’'^ of libers which pass from the pitui- 
tary to the tuber cin(*reum. Andrie/en”*^ had also traced, in the 
white mouse, fibers from the pituitary to the pons. 

AVe thus have a direct nerve path finm the pituitary to the 

iM fTerririK: Quarterly Jour, of Exp. Physiol., 1, No. 2, 1908. 

**''• CushiiiK: Jour. Ainer. Med, Assoe., p. 249, 1909. 

**** Rjnnon y Cajal: Analea de la Soc. espaflola do hist, iiat., 2a Seria, xxlil, 
p. 214, 1894. 

Jorls: Mem. Couron. de I’Acad. Roy de Belgique, xix, part 10, 1908. 

^ GentAs: C, r. de la Soe. de biol., iv, p. iriOO, 190.3. 

Andriezcn: British Medical Journal, January 13, 1894. 
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pontol)ull)ar rogioii — the iheiitieal tract alon^ijj which^ at various 
points, the lesions })ro(luce«i hv Oti, Sakowiiseh, and 

lieiehert provok('d a marked rise oJ* tcunperatiire. We will s('e 
presently tliat this path is continued down the coni, and that it 
eventually readies lliu adrenals. 

'^^Idie next reature determined was a. striking functional 
correlation b(*twc(‘ii the pituitary and the adrenals. Schiifer and 
llerring^**^’ recently emphasized this parallelism not only as to 
tlu'ir function, hut also as to their devc'lopnuMit and structure. 
1 ascertained, for example, that 

TIir piliutarif, likr the (idrcmr/s, 'uijJHVnrvd (jriirral oxida- 
tion and the irnipcraitirr, and (dso <jrnrntt tnrldholisin and 
nutrition. 

Althou^di riMiioval of tiu* heinispluM’es d(K‘s not inilnencc' llu' 
te]n])eratur(‘, as we have* scaai, nanoval of tin* |nliiitai‘y d(M‘ply 
alVects tliis ])i()t‘(*ss. Marineseo'"* and \’assal(‘ and SaiU'lii'"” 
observed that it was followed by im-nNisiui^ hypothermia. This 
cannot he ascribed to opiu'ative sluu'k, for Masay’'*'‘ (irst Irephim'd 
the sella turcica to (‘xpose the pituitary, ami allowed the animal 
to re(*over after this— -the inov^t viohmt stej> of thi^ expiuvinuMit. 
’'Jdie result of suliseipient removal was tin* same. And rieztui*'’* 
and other authors also r(‘fer to a st(*ady (l(‘cline of ti‘mp(‘rature. 
Paulesco*'’^' noti'd that this declin(‘ was progressive until death 
0 (*curr('d. Pirrone"'*’ states tliat tin* main syin|)tonis are refer- 
able* to the “vascular and I’cspiratory systems and the temp(‘ra- 
ture.” ^riie ivlationshiji Avith the respiratory process is further 
sliown by tlie .mai’kcHl disturbances of this class, dyspno‘a, 
polypmea, etc., noted by (^^yon, Andriezen, Masay, and other 
experimenters. 

'Idle ini])airm(‘nt of general metabolism thivuii^di deficient 
oxygenatioTi must necessarily inliiliit nutrition. Practically all 
investifrators refer to rapid emaciation and cacliexia as prominent 
symptoms. In a do;:^ Avhicli survived sixteen days' nunoval of 
the organ, Thaon^"^ ohscTved “a [irogressive emaciation, followed 

Srhafer and IlarriiiK: Philos, Tran.saotions, rxdx. p. 2f*, lOW. 

MarinfStro : Hull do la Sot*, do biol., p. 509, Juno i, 1S92 
’"-Vassalo and Saoohi; Aroh. Ital. dr* bioi., xxU, p. ^2:i. lH9r.. 

Masay: Arch, de la Soo. roy. do sci. mod. rt nat. df Uruxollos, xll, 

part 3, p. 1, 1903. 

10^ Andriezon: Lor. rit. 

Paiilesoo: Jour, de physiol, ct do path, Rfm., No. 3, p. 441, 1907. 
icapipfone: Riforma medica, February 25, 1903. 
i<*^Thaon: L’llypophyse, p. 90, 1907. 
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by death in extreme cachexia.'"' Caselli^^®® Pirrone/^*^ and 
Masay^^® also allude to this phenomenon. Puchs^*^ and many 
other authors urge the close — tlioiigli obscure — relationsliip be- 
tween the pituitary and bodily metabolism. Striking evidence 
of the influence of the pituitary on metabolism and nutrition is 
afforded by its role in gigantism and acromegaly^ the excessive 
growth during the period of hyperplasia of the organ, and the 
steady decline from the time degeneration of its anterior lobe 
begins. A relationsliip with the adrenals is suggested, moreover, 
by a familiar symptom of the cachectic stage of acromegaly, of 
which Harlow Brooks^*- says: general brownish pigmenta- 

tion is })i‘esent in the average case, which at times strongly 
resembles that found in Addison^s discasc.^^ 

Another feature attovsting to the parallelism between the 
pituitary and tlie adrenals is that 

The pituitari/, like the admuih, in/Iue?icef} the blood- 
pi'cssifve, 

OyoiP^’* and subse<|uently Masay‘^‘* found tliat excitation oE 
the exjiosed pituitary caused a marked rise of blood-pressure — 
from 81 to.'^OO mm. Hg. in one instance. Masay attributed this 
action to the presence in tlie organ of a secretion which the 
excitation and accompanying pressure forced into the circula- 
tion. While no one can assert today that such a secretion is not 
produced by the pituitary body, the actual existence of such a 
secretion or its functions has not so far been demonstrated. 
The substance considered as such is rich in albuminous haemo- 
globin, and it is the adrenal principle it contains which, in my 
o])inion, causes the rise of blood-pressure obtained by injections 
of tlie extract. AVhen the pressure is marked, the kidneys, being 
])assively congested, dilate, and diuresis is caused. The effects 
observed experimentally arc thus accounted for without the need 
of a secretion to do so. This applies also, from my viewpoint, to 
several so-called ^^intemal secretions.’^ Testicular juice or 
orchitic extract, for instance, is an oxidizing ferment and cata- 

Casein : Studl anat. e sperlm. sulIa flsio-pat. della glandula pituitarla. 
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Plrroiie: Loc. clt, 

Masay: Loc. cit. 
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lyzer; it is found in all tissues, in the female as well as in the 
male; it gives crVvstals of luemiu with Florenee's test, eh*., and 
other reactions peculiar to the adrenal and thyroid })rinei})les — 
both of which are also found in all tissues. A close examination 
of j\rasay^s report, moreover, does not sustain Ids opinion that 
the rise of blood-pressure is to be ascribed (o a secretion j)ro(luced 
by the pituitary. Tlie rise of pressure was inslanlaticouKS and 
general — a fact which imints either to vasoconstriction through 
nerves or to the aedion of some intensely active and evanescent 
principle. Both these factors an* availal)le. A’ot only is the 
pituitary known to be related willi tlu* sympailietic* system, hut 
Langley^'*'’* lias called aticntion to the iHanarkahle Tact that “the 
effects produced hy adrenalin upon any tissue ai'c such as follow 
excitation of the sym])athetic m'rve which s\ip])lies the tissue,"' 
a conclusion ('onlirmed by S(‘vcral ohs(‘rvcrs. d'his paradoxical 
fact is clearly (‘xplained l)v the prescnci? of the adr(‘nal principhi 
in the hamioglohin. AVhen (Aon and Masay c\(*it(‘d tin* pituitary, 
therefore, they merely caus(‘d sympatlndic* constriction of all 
arterioles, including their olfshoots the vasa vasorum ; the walls 
of all vessels receiving an excess of albuminous Inemoglohin 
(adrenoxidase) they coMtra(*t(‘d, thus causing a rise of blood- 
pressure. 

Again, as is well known, tiio adrenals are intimately con- 
nected witJi the abdominal ganglia and are, embryologicailly, 
sympathetic structures. Their vessels In'ing likewise^ inlluemt(*d, 
a sudden excess of secretion furnished a second cause for the 
ephemeral rise of blood-pressure observed by Masay. dMie powcu* 
of tile adrenal secretion to cause such a rise is generally recog- 
nized. Schafer^‘“ chara<*terizes as ‘^astounding’- the minuteness 
of the dOvSe of adrenal extract that will excite physiological 
effects; 5.7 millionths of a gramme of AbeBs epinejdirin sulphate 
to each kilo of body weiglit was found by lieid IFunt^'^ to cause 
a rise of blood-pressure of (h) .inm. llg. As to tlie action on the 
heart, Oliver and Scliafer’^*^ found, as is well known, that adrenal 
products not only acted directly on the muscular walls of blood- 
vessels, causing them to contract (which accounts fm* tlu* rise of 


Langley; Hiirs Recent Advances In Physiology, p. .Wt, 190G. 
Schafer; Textbook of Physiology, 1, p. 957, lS9>i. 
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7G 


FUNCTION H AND DISEASES OF THE ADRENALS. 


blood-pressure), but also upon the iniiseular wall of the heart. 
Finally, the rise of pressure is undoubtedly produced b}'' the 
adrenalin extract itself, for KStrehl and Weiss^''* found that 
clamping- of the adrenal veins lowered tlie blood-pressure^ while 
release of tliese v(‘ssels restored it to its previous level. 

Another suggestive faid attesting to tlie pituitaro-adrenal 
parallelism is tliat 

TJic jiitfiilarj/, in Ixccping irilh the adrenals, gives rise to 
glycosuria. 

Adrenal extractives, as observed by Blum,’-** Croftan,^“‘ 
AIetzgerd“ Hi'rter, and others, cause glycosuria. The adrenal 
secri'iion evidentJ\' j)rovok{\s tlie iihenomenon also, for TTorter 
and \\'akemaiB“-^ found that compression of the adrenals, by 
increasing the ontllow of secretion into the adrenal veins, caused 
glycosuria, while, (Mmverscdy, adrenal(*('tomy was followed by a 
marked diminution of the sugar in the blood. Again, we have 
seen that the adrcmal secretion passes from the adrenal veins into 
till? inferior vena cava; KaiitfrnaniB"^ found that when this great 
vessel was ligated the sugar diminished rapidly, both in the blood 
and in the urine. 

-Now, the intliieiice of the pituitary over glycosuria is quite 
as marktal. M. lioeb*-"’ urged, over twenty years ago, that the 
glycosuria which aecompani(‘S so often tumors of the pituitary 
should not be; ascribed to mere coincidence. Marie observed it in 
over one-half of his cases of acromegaly. Jhiri^hardt^-’' tabulated 
Hi; ])atients with this disease*, 71 of whom had glycosuria; as T 
had live years earlier^"" ho ascribes tiiis symptom to overactivity 
of the piluitary, and its cessation lo linal d(?g(meration of this 
organ. ]n lb re|)0]l(‘d cases studied by Ijannois and Boy^-'^ each 
subject presented at the autopsy a tumor of the pituitary. That 
the glycosuria is not due to pressure of the enlarged organ upon 
the basal or bulbar tissues is shown l)y the fact that it can be 
produced in a normal organ. Thus, F. \V. Pavy’"-' found that, 

Stri'hl and Weiss: Pfliiger’s Archiv. Ixxxvi, p. 107, 1001. 
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^'^of all the operations on the syinpallietie of the do^- that have 
yet been i)errornie(l^ removal of the superior eei’vieal ^anulioii 
tlie most rapidly and strongly produces diabetes." This enig- 
matic result liiids its explanation in the light ol the conelusious 1. 
luive submitted: The superior cervical gauglion, as is well 
known, sup])lies vaso(*onstrictor tilamcnts to the j)ituitarv; 
removal of this gauglion by causing relaxation of its arteries 
causes the organ to hecome hyperamiic and ihendori* overactive, 
with glycosuria, as a result. Control of tin’s coiudusion is alfonh'd 
b}- the fact that, as in all exacerl)ations of activity thus induced, 
the symptom was tle(‘ting, as shown ])y Taw's statement tliat 
the glycosuria was ‘'only of a temporary nature." 

Having now ascertained .1, that the pituitary could alone 
he the source of imj)ulses to the adrenals; "1^ that this organ 
])rojected iihers toward the hulh, and, d, that th(‘ pituitary and 
the adrenals gavi‘ rise to similar exp(‘rimcntal and (dinical 
phenomena, it hi‘came a (iiu'stion whether a nerve-path actually 
united these organs. Study of this (pu‘stion showt‘d that 

'The plienofnetfd ]in)vokv(l hij both ihe pi Ini Id rt/ and the 
adrenah can he iraced by irvilailon sa tions alony a cojif in ttou.s 
palb Icadiny from I he pilnifary lo ihe adrenals. 

The tuh(‘r cineremm, which, we havi‘ si‘en, n'ceives fiheu’s 
from the ])ituitary, extends backward toward th(‘ hull). Tiinc- 
tures along tlu‘ up])er ])art of this path ])y Oil, Tangl, ami otlu'rs 
not only I'aiscd the tem])('rature and (pii('ken(*d the respiration, 
hut a section below tlie sanu* region by Sawadowsky’’^’ and Ott 
and Sc'ott*'^ rendered im|)ossihle the pi’oduction of f(*v(‘r by 
agents known to produce it. Cas(*lli,’’*“ moi‘(*over, found that 
irritation of the same tissues produc(Ml glycosuria. 

'^J'he nerve-path continuing downwai’d, w(? im‘et in the 
pontobulbar region tlie thermogenic' ('cntcu* of 1\s('h<*sclii('hin, 
Schreiher, and Jhacliert. Suggestive^ in this conncc'tion is tin? 
fac't that Bruck and Ciinther^"** found that simple })uncture with 
a probe hc*twt*en the pons and medulla not only (‘aus(‘<l a marked 
rise of temperature, hut tliat this rise was general. d1ie resyiira- 
tory center is a familiar classic feature of tluj medulla ; we have 

130 Sawadowski : Ceniralbl. f. d. mod. Wls^on.. xxvl, pp. HH, ICI, J8S8. 
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seen liow all the phenomena evoked by the adrenals are linked 
with tlie respiratory process. All this applies as well to Claude 
Bernard’s puncture in the same region as a cause of glycosuria, 
and due in the light of all this evidence to irritation of the path 
from the ])ituitary to the adrenals. 

In the upper portion of the spinal cord, division by 
’^rscheschicliin,^-^'* Bernard/^"’ and I’ochoy,^-^'’ respectively, in 
various animals sent the temperature down 7^ to 1{>° C, in from 
four to twenty-four liours, death rollowing in Bochoy’s animals. 
BiegeP'^^ found tliat production of heat was diminished. That 
glycosuria is produced through etfcrent fibers passing downward 
ill the upper cord is shown by the well-known fact, mentioned 
by Stewart,^ that puncture of the bulb does not cause glycosuria 
if ^^the spinal ('ord above the third or fourth dorsal vertebra be 
cut before the ])uncture is made.’^ 

This level of the cord is of special interest, since it is here 
that the nerve-path to the adrenals leaves the spinal cord. Here 
can be evoked a rise of blood-])ressure o(*curring in excess of that 
due to vasomotor nerves. ^I'hus, Prangois-Franck and Hallion'*"*® 
obtained a rise of pressure by exciting the five upper dorsal rami, 
and also by stimulating the corresponding segment of the sympa- 
thetic chain, although the vasoconstrictor nerves to the organ 
studied, the liver, was known to reach this organ through a 
lower ramus, the sixth — a limit confiimied by Langley. But 
they could not account for this plienornenon. Bulgak, Bunch,^**^ 
Jacobi,^ and others also obtained marked vasoconstrictor effects 
by exciting these upper rami, although tlie vasomotor nerves to 
the organs influenced were known to leave the cord lo,wer down. 
In other words, a duplicate source of vasoconstriction, as it were, 
was jiresent wliose nature remained obscure. It was brought to 
light, liowever, by the fact that Jacobi’*^ found that excessive 
inhihiUmj constriction of the iniestlnal vessels ceased, and was 
replaced l)y normal vasoconstriction when he severed the nerves 
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to the adrenals, ^riie intense action of their secTvtion on the 
blood-pressure cleai'Iy accounts, from jny viewpoint, for the 
excessive constriction observed. 

Briefly, these facts indicate jointly tliat 

The pitnifaro-ad renal path leaves the spinal cord throiujk the 
tipper four or five rami, to enter the sj/nipaiheiic chain, and 
then the great splanch nic , which, through the interniediarg of the 
semilunar ganglia, supplies nerves to the adrejials. 

Tliat this paili is the true one is shown l)y additional <lata. 
Tims, (loltz and Kwald^^** found that animals de])rivi‘(I of their 
spinal cord from the bulb down could live a lon^^ time — yc^ars 
even — but that they showed a striking* ])eculiarily, evaai after 
their vessels liad resumed their normal caliber, that of dyin^^ of 
cold. Ott^"*" found, liowever, that the animals were able to 
generate their usual h(‘at when tlie section vas made he/oiv the 
iifth dorsal vertebra, fl'bis is evidently bet'ause the ]>ituitar()- 
ad renal nerve-]>aihs had left the cord above this level to pass 
over to the sympatlutic cliain and the s))lanehnic, for, although 
Bicdl^**^ had fail<‘d to increase the st‘(*r(‘tory activity of the 
adrenals by exciting (‘leetrically all the median and lower dorsjil 
rami, both he and Dreyer’^^ liad succeeded in doing so I'y stimu- 
lating Hh* great splanchnic nerve. Proof of this is airord(‘d 
by the fact that the greater splanchnic also transmits impulses 
to the adrenals which provoke glycosuria, for LaH'oiit’*'' caused 
it by stimulating Ibis nerve. Mon^over, it is evidently tlirougli 
a nerve-path starting at least in the medulla that glycosuria is 
caused ; for Eckhard, KaufTmann,’^*' and oIIkts found ibat (nen 
the glycosuria caused by BernanTs punetui’c c(‘ased when tin* 
greater splanchnic was severed. Then? can be no doubt Ibat it is 
through the adrenals that the glycosuria is caused, for, besid(‘s 
the evidence I have already adduced to this elfect, A. Mayer^"'^ 
found that Bernard’s puncture failed to produce tliis symptom 
after removal of the adrenals. 

On the whole, all the evidence, of which the foregoing is a 
part, seems to me to have shown : — 


L^Goltz and Ewald: Arrhiv f. d. ges. Physiol., Ixill, pp. 3r>2, m, 189(;. 

Textbook of Physiology, p. 348, IIMU. 

"BiedI: Arch. f. d. ges. Physiol., Ixvil, No. 9-10, p. 4*.., 1897. 

Dreyer: Amer. Jour, of Physiol., ii. p. 203, 1K99. 

"Laffont, cited by LaulaniS: Elements dt* physiologle, 2d cd., p. 943, 1905. 

Kauffmann : C. r. de la Soc. de biol., p. 284, 1894. 
aao Mayer: Arch. g6n. de m^d., July 17, 1906. 
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1, That ihe plinitary is connected with the adrenals by 
direct nerve-paths ; 2, that it thus (joverns, through the adrenals, 
general oxidation, metabolisni, and nutrition. 

llYlHLVDRKXrA. 

'riiis (.l(‘8ignation is siilnnitted as a more exact one than 
the term “]ivj)oa(lrenalism-’ now increasingly used. The latter 
nggesting to the uninitiated that tlie condition it describes is 
no of habitual insidru-icncy of the adrenals is misleading, since 
tile s(‘crclorv activity of these organs is subject at all times, 
(‘ven wbei’e advanced lesions exist, to iliuduations. ITie phrases 
‘hnsutliciency of tlie adrenal” and ^hidrenal insuthciency’^ por- 
tray more acce])tal)ly tbe true condition present, but they are 
obviously cumliersome and as ill cahndated to designate this 
condition from a scientific standpoint as would ^^leficiency of 
red coi'puseles” for anemia. 

While wo owe to Addison, a clinician, the first observations 
(1855) which indicated that the adrenals were of signal im- 
portance to the welfare of the organism, it was Brown-Sequard, 
a jihysiologist, who (185()), we have seen, first demonstrated 
their true imfiortam^e io life. The symptoms caused by a 
deficient production of adrenal secretion were not, however, 
erected to the rank of a special syndrome quite independent 
of, and (‘ajiable of occurring without the preseni'o of, Addison^s 
disease, and as a manifestation of other diseases, until Sergent 
and Bernard*"’' did so in 181)9. 

Viewed from my standjioint, however, the sympto.m-com- 
])lex of this condition is subject to quite a dilferent interpreta- 
tion tluin the prevailing one, all the labors anterior to my own 
Iiaving taken as foundation only two functions: that of sus- 
taining the cardio-vascular tone (Oliver and Schafer), and that 
of producing an antitoxic substance capable of neutralizing toxic 
prodiK'ts of muscular activity, and other undetermined poisons 
(Abelous and Langlois). Tlie processes through which these 
etfects are brought about having remained obscure, however, more 
or less empirical conceptions have had to be employed to fill tlie 
gaps. Hius, the muscular asthenia in Addison’s disease is attrib- 
uted to the toxic efh’cts of the muscular poisons tluit the adrenals 

Sergent and Bernard: Archives g6n. do m6d., July, 1899. 
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in their normal f^tate should liave destroyed, M'hilo, to explain 
bronzing, irritation of the sympathetic plexuses around the 
adrenals has to be invoked. The hypothermia, dys])mea, and 
other symptoms are indiirercntly attributed to the low blood- 
pressure or to the intoxication. 1C we ask, however, how irri- 
tation of the sympathiitic jdexus prodiu-es bronzing, or whij 
alter adrenaleetoniy tii<^ temperature, both rectal and pi‘ripheral, 
st(‘adily ih'C'Iin.es, or rathoin to any de])th the explanalions that, 
an; furnished, it soon becomes apparent that some important 
factor is missing. 

It is this factor wliich my laliors seem to me to have sup- 
plied. ^riiey affoj’d an explanation of all tin' symptoms brought 
on by inadequate functional activity of tin* adriMials. Being 
buvsed primarily ujion th(‘ array (d‘ (‘xperinuuital data submitted 
in the earlier portion of this chapter, tluw also constitute a 
foundation for a more* exact conci‘[>tion of the various disor- 
ders of the adrenals tluin the prevailing teachings afford. 

AnotluM* h'atur(‘ which my inti'rpretat ion of the functions 
of the adr('nals seems to me to iducidate, as will la; shown in 
a s|)ecial chapter, is the j>roc(‘ss through which th(‘se organs 
carry on antitoxic fund ions oth(»r than I hose con('(‘rn(‘d with 
toxic; waste's of muscular origin. ^Jdiis property, obs(‘rv(‘d by 
Albanes(‘,^’’“ who noted a decreascal resistance of decapsulatcd 
frogs to neurim* as com part'd to normal frogs, was first jilaccHl 
on a solid footing liy the; rc'sc'arches of Alx'lous'"'*" and lainglois, 
whitdi showed similar rc'sults with alrojiim* in the' frog, and 
stryc'hnine and curare in the rabbit, thougli less markc'd. 
Charrin and Langlois^"’** then found that the addition of 
adrenal extract to nicotine in vllro rc'diiced the toxic artivity 
of the latter, and tiiat injeeded nic'otine was also less jioisonoiis 
when adrenal extract was achled to it. ()})perdieim'"''' th(;n 
obtaiimd uncertain results with potassium arsemate and atro- 
pine, but marked results with ])hosphorus, guinea-j)igs in which 
tile injc'ction of this toxic was followed by that of adnuial 
extract surviving from two to four time's longc'r in some in- 

’*^2 Albancso: Arch. ItalienneB do Uiol., VV- eoid 'rJS, 1892. 

J^Abelous: Rov. Gonerale des Sriciuos, May 15, p. 27;:, 1S9;;, and Hull, do la 
Soe. de Did., April 2. 1S98. 

Charrin and Langlois: Hull, dc* la Soc. do Riol., p, lOS, I89n. 

^“Oppenheim: Bull, de la Soc. do Biol., March 22. 1901; alao “Lch Cap- 
sules Surr^nales. Leur fonction antitoxique,” Paris, 1902. 
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stances, and altogetlicr in otliers. Strychnine, Veo grain, which 
killed guinea-pigs in tliree and four iniiuites, produced but few 
spasms and proved liarmless as to life when its injection was 
followed a minute later by one of 2 c.c. of adrenal extract. A 
larger dose of strychnine (V 4 H grain) proved fatal, however. 
These and other experiments with various toxins led Oppen- 
hei.m to conclude that ^‘the adrenals, which nonnally destroy 
poisons elaborated during muscular work, assume great impor- 
tance during ])athologi(*al states and must be classed among the 
most useful of ])rotective organs.” 

On the whole, in the light of the personal views submitted, 
]iyiK)adr(‘nia or insullicieiu^y of the adrenals means far more 
than the eifects of lowered blood-pressure and the adequate 
destruction of muscular wastes; it means besides: inadequate 
oxiduiion and therefore imperfect tissue metaholisni and nutru 
tion, and also impairment of the auto- protective functions of 
the body at la rye. 

The bearing of this conclusion will be gradually developed 
while analysing the three clinical forms into which I have 
divided hypoadrenia, — a classification wliich appears to me nec- 
essary to enable us to aj)])ly prophylactic and remedial measures 
judiciously. These three forms are the following: — 

1 , Functional Jiypoadrenia, a form in which the adrenals, 
though not the seat of organic lesions, are functionally deficient 
because of tardy development, debilitating influenees such as 
fatigue, starvation, etc., and old age; 

2. Proyressive hypoadrenia, or Addisoiis disease, a fonn 
in which the functions of the adrenals or of their secretory 
nerves are progressively impaired by organic lesions, tubercu- 
losis, cancer, fibrosis, etc. ; 

Terminal hypoadrenia, a form which occurs as a more 
or less tardy complication of infectious diseases and toxaemias, 
owing to exhaustion of the secretory activity of the adrenals 
during the earlier and febrile stage of the causative disease. 

FI) NOTIONAL U YPOADRENIA. 

The adrenals playing so important a role in the main- 
tenance of the life process itself, it is obvious that, apart from 
any organic lesion in these organs, any marked depression of 
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their functional activity slioiild manifest itself by symptoms eor- 
responding with this depression. To the symptom-eomj)lex of 
this condition I have given tlie name of ^'functional hypo- 
adrenia’^ to distinguish it from the forms due to destnudive 
disorders of the adrenals, which constitute Addison's disease, 
and offer, of course, a far graver prognosis. As a delinition of 
this condition, I would submit that 

Functional hypoadrenia is the syniplant-complr.r of defi- 
cient activity of the adrenals due to inadequaie development, 
exhaustion hy fatigue, senile degeneral ion , or any other factor 
which, without provol'ing organic lesions in Ihe organs or their 
nerve-paths, is capable of reducing their sccrelorif activitip 
Asthenia, sensitiveness to cold and cold extrcmil ies, hypoten- 
sion, weak cardiac ailion and pulse, anorexia, anannia, sloiv 
metahotisrn , const i pal ion, and psychasthenia are the main symp- 
toms of this condition. 

The field coverc'd by functional hypoadnuiia is necessarily 
a vUvSt one, since it includes the asthenias so oftAUi met with 
in the four main stages of life: infancy, ('hildhood, adult, and 
old age, usually atti*il)uted to “weakness'’ or “exhaustion,” and 
often “neurasthenia,” which have bc‘(‘n traced to no tangibh? 
cause. All I can submit herein, therefore, is a cursory analysis 
of the subject. 

Fi NCTIONAL llvrOADUKNIA OF INFANCY AM) ( diTI.DIIOOn. 
— Although the adrenals are relatively large in (he ini'ant (oru*- 
third the size of the kidiu^y at birth), their functions ar(‘ 
limited to the carrying on of the vital pro(‘ess, at least dui’iug 
the first year of life, the mother’s milk supj>lying the antitoxic 
products capable of })rotccting it against the destructivi* adion 
of poisons of endogenous and exogenous origin. This protective 
influence of maternal milk is clearly defined in the following 
quotation from Prof. William Welch’s Harvey Leerture: “It is 
an important function of the mother to transfer to the suck- 
ling, through her milk, immunizing bodices, and the infant’s 
stomach has the capacity, which is afterward lost, of absorb- 
ing these substances in active state. The relative richness of 
the suckling’s blood in protective antibodies as contrasted with 
the artificially fed infant explains the greater freedom of the 
former from infectious diseases.” Striking proof of this is 
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affordcMl by tlic fact that during tlic sie^e of Paris in 1870-71, 
ac'cordin^r to J. E. “while the p:eneral mortality was 

doubled, that of infants was lowered 40 per cent, owing to 
mothers being driven to suckle tiieir infants.” 

The predilection of children to certain infectious diseases 
obviously indicates tliat it is not only in infancy that vulner- 
ability to these disorders exists; it exposes life during the first 
decade^ and more, of the child’s existence, if, then, in the 
infant the maternal milk, as Welch says, protects the suckling 
against such diseases, at least lo a considerable extent, we must 
conclude that the same underlying cause of vulneral)ility per- 
sists several ycai's', i.e., until it has in some way been overcome. 
How this occurs we liave seen. Tlie adrenals acquire, with 
other organs, we shall see, the power to supplant the mother in 
contribuiing anlitoxici bodies to the blood; they supply internal 
secretions which fulfill this role. 

These facts point to the adrenals as at least prominent 
organs among those whose inadecpiate development explain the 
special vulnerability of children to certain infections, the 
^^cliildren’s diseases.” It becomes a <piestion now wbetlier there 
are degrees of this hypoadrenia which render the child more 
or less lial)le to infection. 

That degrees of hypoadrenia exist in children is in reality 
a familiar fact to (‘very ])hysician when the signs of this con- 
dition are placed before him. The ruddy, warm, liard-.muscled, 
heavy, out-of-door, romping child with keen appetite and nor- 
mal functions, is one in whom the adrimals are as active as the 
development comnumsurate with its age will permit. He is 
ruddy and warm because oxidation and metabolism are perfect 
and the blood-pressure suniciently high to keep the peripheral 
tissues well filled with l)lood; liis muscles, skel(‘tal, cardiac, and' 
vascidar, are strong because, in additiem to being well nour- 
ished, they are exercised and w(41 supplied witli the adrenal 
secretion, whicli, as shown by Oliver and Schafer, sustains mus- 
cular tone. As normal outcome of tliis state, we have constant 
stimulation of the functional activity of the adrenals. The 
muscular exercise and maximum food intake involve a demand 
for increased metabolism and oxidation, and the resulting 

Winters: “Practical Infant Feeding," p. 6. 
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greater output of wa.-tcs imposes u 2 X)n the adroiuils, as par- 
ticipants in the oxidation and aulo-])roteelive i)rocesses, greater 
work, more active growth and develo}3mcnt, iriili increase of 
defensive efficiency as normal result. 

Tlie pale, eiiuuiated, or j)asty cliild witli cold hands and 
feet, flabl)y mustvles, whose appetite is cajuvicious or delicicait — 
the pam])cr(‘d house-plant so often met among the rich - 
represents the converse of the healthful child described, just as 
does the ill-fed, perhaps overworked eliild of the slums. The 
emaciation, the cold extremities, indicate deficient oxidation, 
metabolism and nutrition owing to the tor])or of tlie adrenal 
functions; the ])allor is maiidy due to a deriiuency of the 
adrenal princijde in the blood aiid to the resulting low blood- 
pressure, which entails retrocession of the 1)lood from the sur- 
face. 'jdiis child is iK)t ill, but the liy|)oadr(‘nia which prevails 
normally, owing to the undevelopc'd state of its adrenals, is 
abnormally low, and it is vuliunuble to in lection. 

That all conditions which in tlu* adult fund to produce 
functional liy|)oadrenia aifect the child at least to the same 
extent is S(*lf-evident. 

Functional II vpoadulnia in the Adult, — As in the 
cliild, the adrenals may be inherently weak. Such subjects do 
not, as in hvfiolhyroidia, show signs of inyxaedema ; hut theii* 
('irculation and Iieart action are feeble, they tend to adiposis, and 
show other signs of hypoadrenia. J hav(^ witn(\ss(‘d suggestiv(‘ 
bronze spots in such (aises. As a rule, however, the d(;v('lopment 
of the adrenals in adults is an accomplished fact — as also that 
of their coworkers in the immunizing proc(*ss, the thyroid and 
pituitary, we sliall see. The adrenals, fully capalde of sustaining 
oxidation and metabolism, are able to defend the organism 
adequately; indeed, they do more: by sustaining oxidation and 
metabolism up to its highest standard in all organs, they also 
preserve the efliciency of all other defensive resources, inclmling 
phagocytosis, with which the body is endowed to their higliest 
level. On the whole, the nornKif adnll wlufsc (ft/rnials func- 
tionate normally is relatively resistant to infection, '^^riie infre- 
quency with which the pliysician is infect<?d, notwithstanding 
daily exiiosure in liis professional work, attests to this faet. 

Functional hypoadrenia appears, lioxsever, when, irrespective 



86 


FUNCTIONS AND DISEASES OP THE ADRENALS. 


of any disease^ and as a result of the vicissitudes of our exist- 
ence, tJie adrenals are exhaustetl by the excessive secretory 
activity that exaggerated labor or exercise imposes upon them. 

Fatigue is a prominent factor in this connection. Mosso^s 
ergograph shows clearly the functional efficiency of the forearm. 
If by means of this instrument we compare the muscular power 
of a case of Addison’s disease with that of any other kind of 
sufferer whose miis('les are organically normal, a striking dif- 
ference will he noticed: signs of fatigue a|>pear very soon, and 
muscular impotence asserts itself where an advanced case of 
tuberculosis, for example, will be able to show appreciable 
strength. Intense asthenia is, in fact, a symptom of Addison^s 
disease almost as characteristic as the bronze spots. It is as 
pre-eminent after experimental removal of both adrenals. This 
harmonizes with Oliver and SchiifeFs demonstration of the 
influence of the adrenal secretion over muscular tone. Many 
other proofs could be adduced to show that there is a close 
relationship between fatigue and the functions of the adrenals. 
The pale and drawn face of an exhausted man, the readiness 
with which he suffers from the effects of cold and exposure, 
especially in the intestines, are familiar features of daily life. 

The unusual prevalence of disease among soldiers in the 
field is of course partly due to tlie defective sanitation that a 
campaign entails; but fatigue — particularly that due to heavy 
marching, carrying heavy accoutrements — is, in my opinion, an 
im|)ortant predisposing cause, through its influence upon the 
adrenals. Not only are these organs called upon to sustain 
general oxidation and metabolism at a rate exceeding by far 
that which am})ly suffices for normal avocations, but the fact 
that, as shown by Abelous and Langlois,^*'”''^ they also serve to 
destroy tlie toxic products of muscular activity constitutes 
another cause of drain upon their secretoi'y resources. ^^Fatigue,^^ 
write Morat and Doyon,^*'^’^ referring to experimental fatigue in 
animals deprived of their adrenals, ‘flias an aggravating influence, 
as first indicated by Abelous and Langlois, and confirmed by 
Albanese and all authors. Ilultgren and Andersson have even 


Abf?lou8 and Langlotet; Lor. cit. 

icw Morat and Doyon: “Trait6 de Physiologle,” Art. “Sdcrdtlona Internes,” 
p. 441, 1904. 
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observed snddcj) death as a result of powerful movements of the 
body.-^ Sezary’"'"*® lias termed ‘^‘liypoepinepliry’’ a jiermaiient in- 
ability of the adrenals to protect the body apiinst infection. 

Debility from any source: starvation^ loss of blood, etc., 
as elliciently renders the body vulnerable to disease: “('ombim' 
toxin and antitoxin, and inject the mixture,” writes Ih’of. 
Charrin “no harm will follow. But weaken the animal by 
starvation or slight bleeding and administer the same injivtion; 
death will follow with all the signs of ])()is()iiing by the toxin, 
with congested adrenals.” . . . “Tliat relations exist between 
the adrenals and infection/' urges the same authority, “is 
today an incontrovertilde fact.” it follows, therefore, that 
hypoadrenia from any source should render tlie body vulmu'able 
to disease. Deficient food, exct‘ssive work, that of the sw(‘at- 
shops for exani|)h*, ac-count for miU'h of tlu^ jui^lilecd ion of thosi! 
subject(‘d to them to disease. 

Alasturliation and excessive venery are im])ortant morbid 
factors in this connection. The pallor and asthenia wiiiu*ssed 
in these (*ases, so far unexplained, can readily bi* account(‘d for 
if, as 1 believe, tlie licpiid jiortion of the* seinen is rich in adriuial 
princi|)h‘. This is suggested by the fact that sp(‘rmin, tiie purc'st 
of testicular pre[)a rat ions, giv(*s the sanu* tests and acts pi’(‘cisi‘ly 
as does the adrenal principle, ^'lie latter is an oxidizing body 
acting ( atalylically ; it resists all tcMuperatiiri's uj) to, and (*v(‘n, 
boiling; it is insoluble in ether and practically insoluble* irj 
absolute alcohol, and givers the guaiac, Florenc-c*, and otlic*r 
hannin tests. Now, s|)ermin not only raises the* blood -|)ressuF-e, 
slows the heart and jiroduces all otlier physiological (‘Ifeets 
peculiar to the adrenal principles, but its solubilities are the 
same; it gives the same tests; it resists boiling. Mon*ov(*r, it is 
regarded in Kurope as a powerful “oxidizing tonic” and has 
been found ecpially useful in disorders in which adrenal prepa- 
rations had given good results. The inference* that sperr*iin 
consists mainly of the adrenal product suggests that it is not 
specific to the teste.s, but, instead, a constituent of Hie f)lood at 
large; not only did this prove to be tlie c*ase, but it was found in 
the blood of females as. well as in tliat of males. 

S^zary: Paris mC^dical, Apr. 20, 1912. 
i*®Charrin: “Lea Defenses Naturellea do rorganisme,*' p. 02, Paris, 



88 


FUNCTIONS AND DISEASES OF TUB ADRENALS. 


Functional HyroAixincNiA of Old Aoe. — Perpetual life 
would doubtless be ours w'ore it not tliat all living organic 
matter is subjected, after more or less precarious periods of 
growtli and adult existence, to one of decline and final disinte- 
gration. Phis applies particularly to the adrenals, if their 
functions are, as J liold, to sustain oxidation and metabolism, 
tile fundamental iirocesses of the living state. Indeed, the 
senile state may be said to be as evident in these organs as it 
is in the reatiircs ot the aged. 

According to Landau,^*'*'^ Ecker, Itenio, and von Kblliker 
found that fat oc*ciirred in iiK‘reasing quantities in the adrenal 
(-ortex as age advanced, whihi Ilultgren and Andersson found 
fibrous tissue between the cortex and medulla in very old 
animals. inervini^''^ found a similar condition in the medidla 
of aged individuals. Dostojewski, moreover, observed a marked 
— occasionally very great — reduction in the size of tlie adrenals 
in the aged. Polh'stoid*'*- has also called attention to this fact. 
Landau studi(‘d the influence of age on llu‘ vessels of the 
adrenals, adopting for the jiurposo a proc(‘Ss introduced by 
Pauber and apjilied hy many others, iiududing Bezold, TTyrtl, 
and Lieberkiihn, to the study of other organs, viz., injection of 
the vessels with some hardening suhstance, and the subsequent 
use of a corrosion method to destroy the parenchyma. The 
adrenals receiving their blood (hrough a number of small 
arteries, the adrenal vein, which (‘on tains no valves, was used 
for the injection. The annexed plate shows the result. The 
vessels, and (hei'efore the adrenals, arc* well dev(?loped and in 
full bloom, as it were, in the adrenals of the three young adults, 
while those of the aged are slirunken and correspondingly defi- 
(*ient as blood-channels — a certain index of the lowered activity 
of tlie adrenal fuiKdions, and, tlirongh these, of the vital process 
they sustain. 

The astlienia of old age thus finds a normal explanation in 
the defective supply of adrenal secretion — precisely as it does 
in Addison’s disease. In fact, Polleston states that atrophy of 
the glands in the young may produce this disease. I^orand/^^*’* in 


Landau: St. Potersb. nicd. XVoch.. June 14, 1908. 

Minervini: .Jour, d’anat. tt do physioJ., pp. 449 and 639, 1904. 
Rolleston: Lancet, Mar. 23, 1895. 
i«3Lorand; “Old Age Deferred,” Am. ed., p. Ill, 1930. 
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his recentlj^ publislied book on old age, urges in fact; that ‘‘old 
age is caused by degeneration of the ductless glands, and that 
there exists a condition of autointoxication in old age" quite 
in keeping, 1 may add, vvith a decline of the antitoxic* power 
shown by tlu; adrenals, liorand, who has antedated others in 
showing the inhuence of the ductless glands u])on old age, has 
tound his views con tinned by Campbell,’''** IMneles, Sir Herman 
W el)er and also — though he denies a relationship between old 
age and myxu;dema — l\letchnikotr. We shall s(‘e in a succeed- 
ing chapter, liowever, (hat there exists a ch^se connection bidween 
the adrenals and the thyroid in tlie genesis of old age, in the 
fonn of a functional relationship. 

in liis closing remarks on the causation of old age, TiOrand 
remarks: ‘Mt is evident from the above cojisiderations that all 
hyghuiic errors^ be tluw errors of diet or any kind of (*xcess, 
will bring about their own punishment, and that premature old 
age, or a shortened life, will be ilie result. In fact it is mainly 
our fault if we become senile at bO or 70, and die before 
90 or 100.’^ Hence the inotto’of his title page: — 

^Tan does not di(», 

He kills himself.'’ 

— tioK'ca, 

In the light of the data T have vsub.mitted, however, it is 
clear that the lesions to which the adrenals are subjectcMl during 
infections and autointoxication, from birth to the last day of 
life, do greatly to shorten it by limiting the functional area of 
the organs through the local fi]>rosis they entail. It is (juite 
probable, in fact, that centenarians owe their prolonged longevity 
mainly to integrity of tlieir adrenals. 

Hygiene, and j)articularly tliosc of its divisions wliicli hear 
directly upon the ])r(‘venti()n of inft‘etious diseases, thus asserts 
itself as one of the most useful of our sciences in aiiotlier direc- 
tion, viz., that of preserving of organism against those diseases 
which, seemingly benign because they are recovered from, measles 
for example, in the end shorten our existence by compromising 
the integrity of the organs which sustain the vital process itself. 

Prophylaxis and Treatment. — ^Though we arc dealing 
with depraved states of a physiological condition, we cannot 


Campbell: Lancet, July, 1905. 
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but regard tluun as abnormal in the sense that we deem adynamia 
abnormal and, tlierel'ore, suseeptible to remedial measures. 
Indeed, there is miieh tliat can be done in each of the three 
forms of functional hy]K)adrcnia descrilH'd. 

In infants, we sliould by e\x‘ry possible means prevent 
infection or intoxication to preserve the integrity of their 
adrenals and other auto-protective organs. Tlie key of the 
wliole situation lies in the fact that, as Kuhriih states, ‘^nearly all 
the cases and. nearly all the deaths are in bottle-fed babies.” 
Physicians are, as a rule, entirely too ready to yield to the 
demands of social and other .claims put forth by rnotliers wlio 
do not wish to nurse tlicdr offsprings. 1'he responsibility as- 
sumed by both mother and pliysician under these circumstances 
is overlooked. I cannot but hope that if this continues, and the 
sacrifice of countk'ss infants j)roceeds, laws may be enacted to 
prevent it by iiiiposing upon the physician tlie duty of submitting 
to the State authorities a certificate in which sound reasons 
shall alone ac'count for his consemt to a dejiarture from Naturi*’s 
methods which entails deaths untold. J. Lewis Smith states 
that tlie death rate among foundlings in NTew York City reached 
almost loo per ('cnt. until wet-nurses were ])rovided. lien such 
as .7acol)i, Winters, and many French authorities have written 
forcibly u|)on this subj(‘iL but seemingly to no avail. The holo- 
caust continiK'S. 

Fxjierimental research in the same direction has only served 
to emphasize the aIl-imj)or(ant prophylactic value of maternal 
milk. As L. T. do M. Sajoiis**’*''^ states: ^That milk is capable 
of conveying antitoxic substances after these liave been injected 
into the mother has been known for a number of 3^ears. In 
1892 Ehrlich and Brieger demonstrated this fact in their experi- 
ments on mice. The offspring of non-im.mune mice were suckled 
by other mice which had been immunized against the actions of 
certain poisons. It was found that the young were thereby 
rendered immune to the poisons employed, viz., ricin, abrin, and 
tetanus toxin. This immunity steadily increased during the 
period of lactation, persisted for some time after, and then 
gradually disappeared. Ehrlich thus showed that a passive 
immwuVty was created in the young by the absorption of milk 

L. T. de M. Sa^ouB*. \3nW. ot Penna. Med. BuU,, June, 1909. 
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from an immune adult, and even wont so far as to assort that 
all so-callcd horoditary iuuuunity was in reality of the passive 
variety, being transmitted during lactation and not inliercnt in 
the offspring itself. 

•^Tliis transmitted immunity has been sliown to oc‘cur in 
various other animals. Thus, in 180;5, Popoff sliowod that 
immunity against cholera could be transmitted through cows' 
milk, lie injected bouillon cultures into the peritoneal cavity 
of a cow and later injected into guinea-pigs from 2 to 10 c.c. 
of the cow’s milk. Tlie guinea-])igs l)ecame immum^ against 
cholera. Tlie same (diserver note<l also that wlum the milk 
was boiled before injecting it no immunity was ])r()duc(Ml. 
Kraus showed that the milk of goats immunized l)v injections 
of ^Typlius-coli bacilli'’ and cholera organisms had ])rote(‘tivi; 
and agglutinating pro])erties. 11 (‘ also as('crtaiii(‘(l that the 
relative proportion of agglutinating substance j)res(‘nt in milk 
to that contained in the serum was as 1 is to 10. ^raking 
up the subject from the standjmint of tulx'rculosis, Figari 
showed in PKtr) that the agglniinins and antitoxins of this 
disease a])pcared in tlie milk of cows and goats that had b(*en 
actively immunized against it. In another s(*ri(‘s of expi.u’i- 
ments he fed the milk of immune cows to a number of rabbils, 
and in others injected it subcutaneously. In both cases these 
animals, thus passively immunizc<l, wen* found to transmit to 
their young, by their milk, the agglutirdns ami antitoxins of 
tuberculosis. 

“Evidence is not lacking of the transmission of aniUoxie. 
substances through human milk. It has long been known 
that infants below one year of age were but slightly susceptible 
to certain infectious diseases, and in particular scarlet fever, 
diphtheria, measles, and mumps. In fact, it was in an attempt 
to throw some light on this subject that Ehrlich performed 
his classic experiments on mice in 181)2. Four years later 
Schmid and Pflanz performed some interesting experiments 
on guinea-pigs. Into some of the animals they injected blood- 
serum derived from human blood which was taken, at the 
time of delivery of her child, from a woman to wliom had been 
administered diphtheria antitoxin. Into other guinea-pigs they 
injected milk from the same woman. The animals were then 
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given injcciioDfl of the ordinarily fatal dose of diphtheria 
toxin. From the results obtained tlie investigators eoncliided 
(1) that anliloxie substances found in the blood of parturient 
women exist also in the milk; (.^) that the quantity of antitoxic 
substances excreted with the milk is miu'h less tlian tliat found 
in the l)Iood. Similarly, in niOo, la Torre injected diphtheria 
antitoxin in several wet-nurses, and nobid the antitoxic power 
resiiliing in the; l)l(a)d of the nurslings l)y injecting measured 
amounts of this blood mixeal with diphtlieiia toxin into guinea- 
pigs. lie was al)I(‘ to satisfy liimself that a passage of the 
antibod i(‘s occurred in small amounts into the blood of the 
infants. 

‘‘'Idiese experiments show, then, tliai antibodies injected 
into tiu; mother arc‘ transrnitbid to the oll'spring. This being 
ilu* case, it is hut reasonable* to exp(‘ct that some of tlu^ protective 
substances ordinarily pres(*nt in the normal mother’s blood 
should likewise r(*a(di the child through the milk. Experiments 
have shown this also to o(*(*ur. Moro found that the bactericidal 
|)ow(‘r of th(‘ blood-s(*rnin in breast-led children was distinctly 
greater than in those* artilicially fed. Further ('ontirnuition was 
a(rqrd(*d l)y the fact that this din‘(*rence rapidly disajipeared 
when the bottI(‘-fed infants were put back to tlu^ breast.'’ 

The ])r(*vention of disease* in the infant is raised to its 
higli(*st stafidard by maternal lactation. The organisms of its 
gastrointestinal canal are kept under control; the barriers to 
mfection that the r(‘S])iratory tract and pulmonary alveoli offer 
ar(* well arnu*d with antitoxic bodies; the blood itself is destruct- 
ive to ])athogenic organisms, and the infant is thus protected 
against those diseases whii*h, ev(*n if recovered from, we have 
s(*en, h’ave (*nf(*('bling lesions, fatty and libi’ous degeneration, in 
those organs upon wliich his health in after years and the dura- 
tion of his life depend. 

In th(‘ child beyond the nursling period the problem is 
more dillicult. I’he fatal ^‘se('ond summer’' recalls the sins of 
the milkman, the tilth of the cowshed, and of the vessels in 
which the milk is transported and kept — amply long enough 
to favor the growth of the ol't-present Shiga bacillus, the virulent 
bacillus (oli, and (‘ven at times the streptococcus. The cor- 
rection of those and many other factors replete with danger 
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to the child, and which t^urround it on all sides, oilers the 
only resources to diminish not only the inoriality of childreirs 
dis(?ases, but also their occurrence, besides sal\\muirding hi'alth 
and longevity in after years. The g(X)d already done hy our 
profession in this direction is incalculabh*. l^ric'fly, public', honu‘, 
and school hygiene, in the light of tlie facts ] have submilied, 
not only serves to protei*t life for the moment when tlu* c^liihl is 
concerned, but its (aitire career as a. lu'althful iudivitlual, while 
enhancing greatly ils chances for a lorg life. 

It now becomes a question whether our resouna's art' such 
as to enable us to raise, where functional hypoadrenia t'xisis, iln' 
autoprotective resources of the child, sulhciently, perhaps, to 
enable it to resist infection successfully. I'lu'- iulluenct* of many 
toxins and drugs on tiu' adrtmals points clearly io overat'i ivily 
under their influence. In the first edition of this bot)k, I n'ferred 
to mercury as occupying “‘a high })osition aiuong llu' stimulants 
of the adrenal system.*’ Now, V. Ih lllingwt)rtld'’'‘ and others 
have found the biniodidt* of mercury (‘xtnmu'ly (‘llicient in 
al)orting scarlatina, diphtheria, mt'asles, variola, varicella. ])er- 
tussis, jiarotitis, and many other in lections, ^riie gri'at vogiu' 
of calomel among the ])hvsicians of the past gc'iu'ration may have 
found its raison eVHre precisely in just siu'h an action — which I 
have myself observed. Arsenic is a familiar agemt in tlu; abortivi' 
treatment of malaria in Africa, and, as Surgion-th'iu'ial lh)udin 
states, in many other diseases. The remarkabh' n'sults of l*etr(‘seo 
with large doses of infusion of digitalis in j>neumonia have 
only been tentatively cxplaimMl. Hut if we realize that division 
of the path to the adrenals arrests and prevents the ellVcts of 
digitalis, as we shall s(*e' elsewhere, then^ is good ground for the 
belief that the prevailing conce])iion of the action of this drug 
is erroneous, and that it is by stimulating tlie adrenals that it 
acts, at least in part. In view of the i.mniunizing actimi of the 
adrenals, therefore, we can realize how digitalis could be of use 
in this infectious disease, and how it might prove useful in 
aborting any pulmonary disorder due to pathf>g(!nic organisms. 
These few examples are submitted merely to show that there is 
ground for the elaboration of a system ol immunizing rnedic-a- 
tion. Its use has served me well. 

Illingworth: “The Abortive Treatment of Speelfie Febrile DlBorderH,” 

etc.. London. 1888 . 
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Very remarkable in this connection is the action of thyroid 
gland 1 grain (O.OG Gin.), adrenal gland 2 grains (0.12 Gm.), 
and Bland's pill 1 grain (O.OG Gni.) in a capsule three times 
daily, previously referred to. Given during meals to a debili- 
tated child of 10 or 12 years it seems promptly to start the vital 
machinery on a new lease of life — wliere, of course, the demands 
of hygiene are adequately met. Meat is of value here, while 
milk, the fluid portion of which gives the test for oxidase, and 
which, as shown in the second volume, depends upon the adrenal 
secretion for its ferment (adrenoxidase), is also of great value. 
Digitalin oi* strychnine in small doses is added if the heai*t is 
weak or to incrc'ase the oxygen intake. All these agents tend, by 
keeping up a slight hyperjernia of the adrenals (and of the other 
organs acting in conjunction witli it), to augment tire efTieicncy 
of the child’s defensive resources. 

In the ad/i/l functional hypoadr*enia may have persisted 
from cliildliood. Here the measures just suggested for cliildren 
apply as well not only as preventives where infection threatens, 
or as abortive treatment, but also to raise the eirudeney of the 
adrenals and the genej’al liealth of the individual to tJio normal 
plane, it is })robable that most tonics exert their beneficial 
influence through the adrenals. That “tonic" doses of mercury, 
/.c., minute doses, are eflicient is well known ; we have seen that 
it is a j)()werful adrenal stimulant, in toxic doses in fact, as 
observed by Molinied^’^ it causes intense congestion and even 
luemorrlrage of the adrenals. 

A\'hile there is no doubt that meat in excess is liarrnful, as 
we shall see under Functional Hyperadrenia, it is no doubt true 
tliat, as IjoramF^''^ states, undernutritioii through lack of the 
necessary proteids in the diet increases the liability to infection, 
as I urged several years ago in this work. Lorand refers to 
personal cases of tuberculosis arising from a purely vegetarian 
diet. On the other hand, Richet and HericourD®*^ obtained 
remarkable effects from a diet of raw meat in enabling animals 
to iH'sist tubercle infection by inoculation, and raw meat has 
become an important factor in the treatment of this disease. 


Mo1inl6: Bulletin general de thdrapeuttque, Apr. 8, 1906. 
'*“Loraud; Loc. rif., p. 103. 
i«i) il^rieourt: Lancet, Jan. 7, 1911. 
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Grawitz*''® also found tlmt a jiuroly vefjotariun diot predisposed 
to anajtnia. We have seen tliat the adrenals sujiplv the blood its 
albuminous liaLunoglobin, a deficiency of whicli is an important 
feature of aiuemia. Did we live where pathogenic ba(deria do 
not flourish^ we might safely undertake to adopt vegetarian 
principles^ but a reasonable amount of meat, bv k(*cping our 
autoprotectivo organs, and particularly the adi-enals, activ(% 
serves a very useful purpose. 

The influence of excessive fatigue on tlie adrenals, we have 
seen, is such as to weaken greatly their functional activity and, 
therefore, their oxygenizing and immunizing functions of the 
blood. The main liarniful feature in this connectioji is the 
relative deficiency of rest, which means, from my view[)oint, 
inadequate opportunity a (forded tli(‘ adrenals to recu])erate. 
This, of course, sliould be proportionate to the amount of strain 
imposed upon these organs, and the resistance of whi(*h they ar(‘ 
caj)able. It is probably owing to lack of this that aj)j)arently 
strong men are often the first to ‘‘give ouT’ in forc'cd march(‘s. 
The physi(;al examination being based mainly upon the aialus 
preeMns, and the adrenals being necessarily (for we are now 
dealing with a new line of thought) overlooked as factors, there 
is marked inequality in the resistance of the men to strain. This 
applies as well to the pathogenesis of chronic disorders. In a 
personal analysis of 40 cases of hay f(*ver, I'or instance, the 
severity of the disease corresponded to a considerable degree 
with the number of children's diseases the patient liad had, th(‘ 
worst cases having had six of these diseases in comparativ(‘ly 
quick succession. 

This suggests the need of ascertaining tlu* number and 
severity of children’s and other diseases to which the rt‘cruit has 
been subjected and to add this factor to others in dec-id ing upon 
his admission to the service or the arm to which he is to be 
assigned. . The mounted man suffers less from actual fatigue 
than the infantryman who must carry his accoutrements, arriis, 
-cartridges, etc., aggregating in some armies as rnuch as 70 
pounds. When, besides, defective or poor food, impure water, 
exposure, etc., and other frequent accompaniments of a campaign 


iTOQrawltz: Kllnlffche Pathologic dss Blutes, Sd cd.. 1&06. 
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are taken into account, one need not wonder that disease is a 
far greater fac tor as a cause of debility and deatli than wounds. 

Brietiy, fatigue sliould be considered, owing to its inhibiting 
inliuence on the adrenals and the immunizing process in which 
they take part, as an important j)redisposing cause of disease. 
The periods of rest sliould be so adjusted, therefore, as to 
counteract this by fai* tlie most destnicdive factor of active w^ar- 
fare. Jn civil lifc^, such hardships are seldom endured, but 
liere likewise miudi could be done to prevent inlection by means 
calculated to insure the functional integrity of the adrenals. 

To stimulate the adrenal functions when marked fatigue 
prevails would of course only aggravate the hypoadrenia after 
perhaps a jieriod of tem]>orary bcdlerment. The powdered 
adrenal substance should, on the other hand, judging from the 
eirects of injections of adrenal extracts in experimentally 
fatigued animals, senwe a useful purpose. 

In old (i(je the ductless glands assume such importance, 
that a valuable work has l)c.‘cii written by LoraiicP’^^ to indicate 
how the functional activity of these organs could be preserved 
in order to retard the ravages of age beyond the fifth decade, 
while jirolonging life. The reader is therefore referred to Dr. 
Dorand's volume for a mass of information which cannot lie 
considered here. 

The adrenals, as sliown by tlie plate opposite page 88, are 
deficient in circulatory activity, and, therefore, unable to sustain 
functional activity of all organs up to its former standard. It 
bei'omes a (piesiion Avhether, realizing this fact, w^e should by 
artificial means excite the adrenals to greater activity. That 
such a step might shorten life instead of prolonging it is 
jirobable. In the first ])lace, the frequent presence of arterio- 
S(*lerosis in the aged counsels ])rudence; in the second place, to 
activates the adrenals would oidy hasten their degeneration by 
imposing a greati'r AV(’ar and tear upon them. Drugs capable of 
enhancing adrenal activity had, therefore, better be avoided in 
the aged. 

Far better is it to (ontpenmie for the loss of efficiency of 
the adrenals by supplying to the blood, through a suitable diet, 
substances which contain the adrenal iirinciplo. If my opinion 

A. Loraud: “Old Age Deferred,” F. A. Davis Co., Phila., 1910. 
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that sporniin owes its virtucs't(» tlio tulrt'iial ])rincij)lo it coiitiiins 
is warraiiUid we eaii understand why Hrowii-Se(jiiard rejiivt'iiated 
himself by means of testieular juiei* injections (I saw liini at tlu‘ 
time and can testily to its woiulerrul eifects ujion liiin), since 
he enriched his lilood with the palndam of oxidation, inelabolisin, 
and general nutritioiu without impairing his adrenals. With 
advanced knowledge we need not follow liis example. We hav(‘ 
seen tliat milk contains the adrenal priiudjile^ and that all animal 
tissues owe their functional activity to its jinsem-e. In milk, 
buttermilk especially (since it is almost pure [ilasma), we have 
a ready and inexpensive means to comj)ensaie for deflcii'ut 
adrenal activity. If debility and other signs of functional hypo- 
adrenia prevail^ T advocate tJie daily addition to the i)lain, 
though varied diet to which elderly ])eo|)le should restrict 
themselves of the expressed juice (uncookcMl) of one pound of 
//T-s//- beef daily taken in soup, if distastefid oiluu’wist', and 
salted to taste. This is a powtu-ful agent, for good wdiich is 
well borne by tlu; stomach, and which inore than compensates for 
the weakened adrenals, since it ra))i<lly n‘stor(‘s stiuaigth and 
vigor — provided, of course, harmful inihumces in other directions 
ar(‘ avoided, and a hygienic mode of life, with reasonable out-of- 
door exercise, prevails. 

In mattci’s sexual, aged men should be extremely reserved, 
since the waste of seminal fluid to them nutans wastes of life 
substance r(‘placcd with dilliculty and never in abundance. 

AUDISON'S DISEASE, OH CriRONIC riJ()(iHESSI\'E 
IIYPOADKKNIA. 

That new lines of thought concerning this disease are not 
untimely is suggested by Amhws's previously (pioted slalcmeiit 
in a re(*ent edition of his textbook that “the pathologic con- 
nection between the sym])tomatic phenomena of Addison's dis(^is(! 
and the anatomic lesions has not been made out.'’ 

Of major importance in this connection are tlie facts that 
advanced lesions have been found in the adrenals postmortem, 
though the subject had during life presente<l no signs of the? 
Addison syndrome, and that, as Davis'"" stat(‘s, “in the majfu’ity 
of cases the patients have coiiijilained of asthenia lor a ('onsider- 

^"3 Davis: Sajous’s Cyclopaedia of Prac. Med., vol. I, p. ^id cd., im 
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able time ^jrior to the ap 2 )eai*ance of noticeable pigmentation 
on the surface/^ Many cases die, in fact, before tlie pigmenta- 
tion appears. Under these cireiimstances it is evident that the 
prevailing teacliing that bronzing is the characteristic sign of 
Addison's di>sease — raised 1o the dignity of a mie qua non in 
some works I)y the dictum ^Svithout bronzing, no Addison^s 
disease'’ — is an unfortunate one for the i:)atient’s welfare, since, 
as shown elsewhei’c in tins work, bronzing is a symptom denoting 
advanced lesions of the adrenals or in the course of their secre- 
tory nerves, whetlier in the ganglia or the splanchnic, or even 
tlie spinal cord from which the adrenal paths originate. It is 
because of tin; })i*esence of these nerves in the abdominal sympa- 
thetic (the gn.'ater s[)]anclinic in jairticular, as demonstrated by 
IliedI'"'* and Dreyer^^^), was not known to Martinoau,^'^’’' Jaccoiid, 
Lancereaux,’ von Kahlden,'^^ and others that they denied that 
the adrenal insufficiency was always the underlying cause of the 
disease, as lield l)y Addison himself, Gull, Trousseau, and many 
other of the older clinicians. It is apparent tluit a lesion any- 
wliere in tlie course of these neiwes must be capable of causing 
inhibition of the adrenal functions and Addison's disease, by 
interfering both with tlie secretory activity of the glands and 
tlie formation of their secretion. This is well exemplified by 
cases reported by Scmniola and Brault in which bronzing was 
due to pressure upon the semilunar ganglia and the solar plexus; 
the flow of ini])ulses tlirough these structures to the adrenals 
being impeded, the functions of these organs were inhibited. 
Pressure or organic lesions may occur anywhere in the pituitaro- 
adrcnal nerve-path. Even the cachetic stage of acromegaly is 
often attended by a bronze pigment ^^strongly resembling that 
found in Addison's disease" wo have seen. From my viewpoint, 
tliorofore, 

AddisoriH disease 4* the symptom •complex of progressive 
hypoadrenia, i.e., of Insufficiency of the adrenals. It ocairs 
when, owing to progressive organic lesions in these organs or 
in the course of their secretory nerves (the abdominal sympa* 
Iheiic and its ganglia, the spinal axis or the pituitary body), the 

'aniodl: Lov. cit. 

'* Drt’yer: Lor. cit. 

Martineau: Thdse de Paria, 1S6-I. 

Lanoeroaux: Archives do Medccinc. Jan., 1890. 

^”Von Kahlden: Archiv f. Anat. u. Phys., Bd. cxiv. 



ADDISON’S DISEASK. 


udfCTKil secretion jivoduced is incrmsitigl y iiiodequfitc to siistcilH 
general oxygenation, metabulmn. and nnlrllion. and ihc nirdio- 
vascular tone. 

Pathooenesis and Symetoafatology. — Those ^vi]l ho oon- 
sidered togetlier to indicate the intnnato rolationshij) l)ot\vo('n 
them when the functions oC the adrenals are inlorproied from 
iny viewpoint Tins will be further facilitated l)y analyzing the 
symptoms in their physiological soipience. 

Hypolherniia, Coldness, and Dijspmvn. — Tliose syni])toms are 
self-evident results of deficient oxygon intake, and of the cor- 
respondingly defi(*iont oxidation and nudaholisin inoidont upoit 
the deficiency of adrenal secred-ion. '^^riie sensation (d’ cold is 
aggravated by the fact that the deficiency of tlu* lattc’r — or rather 
of the adrenoxidase it becomes — entails relaxation of tlu? ai‘teri(‘s 
and a low blood-])ressuro; the blood ac(‘iimiilating in the largtT 
trunks of the splanchnic area, the peripheral vess(‘ls are ])artially 
depleted of theirs, and ])eri})heral oxidation l>eing thus dimin- 
ished from two ^lir<‘(d:ions, the ]>ati(‘nt co.mj)lains of chilliness. 
The dyspnma is due to tlic same two factors: inaderpiacy of 
adrenal secretion to proj)erly oxygenize tin* Idood, and isclaemia 
of the lungs through retrocession of the blood into tlu! {leeper 
vessels. An aggravating factor is the intense muscular wf'akm^ss 
which also, of course, affects the thoracic resj)iratory muscles. 

Progressive Aslhenia, Weak Jfeart Adion, and Vascular 
Ilifpotension. — Oliver and Schafer and, laliu*, (■yhulsky and 
Szymonowicz having found, we have seen, that the adrenal secre- 
tion sustained the tone of the cardiovascular and skeletal 
muscles by a direct aidion upon them, a pro(‘(‘ss sn])pleim‘nted, a^ 
1 have shown, by its power to sustain oxidation and metabolism 
in these (as well as all other tissues), it is obvious that deficiency 
of this secretion should ])roduce wi'akness of ail muscular tissues, 
i.e., loss of contractile ])Ower. Asthenia, weak lieart action, and 
relaxation of the arteries — ^the blood-])r('ssiire sometimes being 
as low as 50 mm. — are tlms a direct result ot the; adrenal itisuffi- 
ciency. Here again’, however, the low vascular tension aggravates 
the morbid process by causing retrogression of the blood b)\\ard 
the deeper channels of the splanchiiie area. The cardiac and 
skeletal muscles receiving an unusually small volume of blood, 
their contractile power is weakened in proportion and their 
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resistance to fatigue reduced practically to nil, Sergent has 
proposed a diagnostic sign, ^^the white line/^ which I would 
explain by this peri|)lieral ischaunia, is obtained by lightly rub- 
bing the surface of the abdomen with the pulp of a finger. A 
broad, white streak soon appears, which gradually becomes more 
distinct, then aftia* three or four minutes fades away. 

E maciafion ^ Anoyrxia, Vomitinf/, Diarrhm , — That deficient 
oxidation and metabolism, u])on which nutrition depend, should 
entail emaciation is self-evident. Anorexia is but a consequence 
of this state of affairs, the utilization of less foodstuffs being a 
normal rtisull of defici(ait demand for the same by the tissues. 

vomiting is due mainly to the gastroptosis caused by relaxa- 
tion of the muscnlar coat of the stomach, a condition similar 
to that pri!S(*nt in all other muscles of the body. Vomiting 
occurs when imperfe(‘tly digCvsted materials accumulate in the 
stomach, partly bec^aiise of its dilatation and partly as a result of 
deficient i)eristaltic action from the same muscular incompetence. 
A corresponding degree of asthenia of intestinal muscles also 
entails constipation owing to deficient peristalsis in certain 
cases, while in otliers, or subsecpiently, there is diarrhoea owing 
to relaxation of the intestinal arterioles and the resulting passive 
congestion of the inti‘stinal mut'osa. 

Eronzituf. — Langlois, Gourfein, and others have found that 
one-elevi'uth of the adrenals sulliced to carry on their func- 
tions; this illustrates the small proportion of adrenal secre- 
tion re(|uired and the progress any local lesion may make before 
the organism at large is morbidly influenced. A^assalc and 
Zanfrognini'^^ found that if all but a small fraction of the 
medulla is left in experimental animals, all the typical signs 
other Hum pigmentation may appear. This illustrates the 
valuelessness of Nothnagel’s observation that pigmentation did 
not occur in 15:3 tuiimals from which he had removed both 
adrenals. Death occuri-ed in all these animals long before 
bronzing had had time to occur. Boinet, who, on the other hand, 
utilized rats, which are known to survive the operation longer 
than any other animal— owing to the frequent presence of ac- 
cessory organs — observed typical pigmentation in all animals 
which had had several months^ postoperative life. Tizzoni noted 

i^Vaasalo and Zaufrognlnl: Riforma Medlca. Oct. 31, 1902. 
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similar results after crushing t)ie organs ; Brown-Secjuard, in fact, 
had long before noted that bronzing appeared in animals in which 
the operation did not prove fatal for some months, the other 
symptoms present being analogous to those of Addison's dis- 
ease. It is because of these and other facts adduc'd in the 
earlier editions of this work that 1 conclmhHp"'* that ''insuffi- 
ciency of the aclreiials only manifests itse/f by hronzlny when, 
from any cause, all hut a small proportion of the oryans has 
been rendered physiologically inactive/' Bricily, the brcnizing 
of Addison’s disease occurs only in advanc(*d hypoadri'iiia. 

We have seen tliat the pignumt wliicii gives the skin and 
the mucous membranes ih(*ir bronze line is mainly composed of 
the adrenal product, or adrenoxidase, wliiih, from my view- 
point, is the oxidizing body of tin* haunoglobim^'^'’ That the 
pigment was a product of the adrenals was first suggested by 
Brown-Sequard. But why should it, though a const it mm t of 
the circulating blood, accumulate in tla^ tissii(‘s? Here, again, 
two factors prevail: the extremely w(‘ak blood-])ressure in 
advanced cases, and the idimiity of the adrcmal product as tin; 
albuminous constituent of hamiogloliin. 1'he vis a tenjo motion 
of the blood being slowed, the ])lasma cir(‘ulating in the cuta- 
neous capillaries is increasingly unable* to traverse tlu'se minute 
vessels and is deposited in the rete mucosum. HMui adrenal 
constituent being freed, it resumes its original redmdng ])ower 
and undergoes the changes of color witness(*d when fluid- 
extracts of adrenal substance are exposed to the air and light — 
a yellowish brown gradually turning to bronze and f>ften to 
black. It is because of this that bronzing is Tiot charaeterisf ic 
of Addison’s disease, and that it occurs in other cachectic* dis- 
orders. 

This docs not jnilitate against the production of l)ronzing 
by other factors, local irritation, drugs, cutaneous or mmvous 
disorders. It explains only its mode of j)ro(luction in Addison s 
disease, as I interpret it. 

Lumbar and abdominal pain often occurs early in the 
disease, but may be absent through its entire course. ''I he fact 
that it occurs suddenly in crises points to pressure upon the 

See 1st, 2d, or 3d ed,, p. S6. 

ISO This question is treated in full on p. 835. 
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abundant nervous stnicturcs in the immediate neighborhood of 
the fidreiials or through dilatation of these organs when tlie 
general blood-pressure, from any intereurrent cause, becomes 
high. The intense congestion attending or preceding adrenal 
haunorrhage, vvhicli often terminates Addison’s disease, sug- 
gests that a tem[)orary exacerhation of tlie local hypcrgemia 
incident upon the local lesion is the main cause of this symptom. 

Tcndr uvy io St/ncope, Itii painn ent of Vision, and Hearing . — 
I'lie tendency 1o syncope is such in some cases that elevation of 
the head sometimes sulfices to cause death. Not only is this 
accounted for l>y the low blood-pressure and the resulting cerebral 
isclueniia, ])ut also l)y tiie poverty of the blood in adrenoxidase, 
its oxidizing j)rinciple. The extremely small, soft, compressible, 
and som(‘ti.Tm*s imperceptible pulse bespeaks a third factor in the 
j)atliogonesis of this symptom: great systolic weakness of the 
heart, owing to loss of the direct support received from the 
adrenal se(*retion in transit through its right auricle and ventricle, 
and deficient metabolism in the left myocardium. 

The same cerebral iscluemia and anaania which predispose 
to syncope and vertigo also affect the organs of special sense; 
hence the impaired vision and hearing. 

Ileadarhe, Irri lability, Jlaliiianatioris, Delirium, ConvuU 
sions, — We have seen that, as shown by Abclous and Langlois, 
the adrenal secretion is endowed with antitoxic functions. It fol- 
lows, therefore, that any adrenal disorder capable of materially 
reducing tlie supply of this secretion must lead to accumulation 
of the tissue poisons it is known to destroy. It is these poisons 
that give rise to headache, irritability, muscular twitching, 
rigidity, delirium, and convulsions similar to those witnessed in 
puerperal eclampsia, also due to endogenous ]ioisons. 

Coma, Sudden Death,' — Gradual decline witli profound 
asthenia, or some intereurrent disorder and coma often terminates 
the case, but not infrequently death occurs in the midst of a 
convulsion, or suddenly without such, owing to adrenal haemor- 
rhage. 1'his is due to the accumulation of poisons referred to 
under the preceding heading. By irritating or exciting the 
vasomotor center, these poisons cause a rise of blood-pressure 
and even fever. The remnant of medulla in the adrenals and 
their intrinsic sinusoidal vessels, medullar and cortical, being 
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subjected to inordinate pressure, suddenly rupture, constituting 
what Arnaud has very aptly torined “adrenal apoplexy.” 

Tukatment. — The only curative measure worthy of any con- 
fidence is one calculated to replace tlie destroyed glands or, at 
least, to supply the organism with the adrenal product in some 
form. 

The grafting of adrenals into the tissue has led to such 
unfortunate results tfiat Courmont, after a personal c\])ei*ieiu*e 
in the use of this procedure, declared it formally contraindi- 
cated. Indeed, Bra,’”^ after grafting the sii])rarenals of a dog 
into the cellular tissue of the abdomen in a child of 11 years, 
witnessed its death in tljree days. Jahonh^y,'''- liaving resorted 
to the same method in two cases, lost both within twenty-four 
hours, owing, he honestly admits, to the optn-ation. The same 
result followed in Courmont’s case. If this qm^stion is closely 
analyzed, however, it becomes apparent that it is not tluj method 
proper, or the operators, that arc responsible for the untoward 
results, but rather the fact ‘that the functions of tin? adrenals 
were still too obscure, at the time the operations wen^ perfornuMl, 
to afford the indications nc'cessary for a judicions adjustment of 
the quantity of adrenal tissue grafted to the iummIs of each 
parti(*ular case. 

The cause of death in such eases is made clear by my 
interpretation of the functions of the adrenals. 'J'hus (^)urmoiit, 
referring to the three cases in which dog’s adiimals had been 
grafted in cases of Addison's disease, writes: ^‘In the thi’ce 
cases the results were disastrous. In my own cas(? the patirni 
died in twenty-four hours with a fonnidabhi It r/ffrrtltrrnna am’ 
cardiac collapse,'^ Avhile specifying that tlicrc was no infection of 
the wound. With the adrenals as tlie source of a s(‘crction whose* 
mission is to sustain oxidation, the cause e>f tlie cxerssive 

temperature is self-evident. The graft(?d adrenal tissues fur- 
nished adrenal substance far in excess of the ne<*e!s of the 

organism, and the phenomena produced were thr)se of the; 

physiological function carried out by the secretion, bui ‘formid- 
ably” exaggerated. 

If grafting is resorted to, the proportion of tissue einployed 


Bra: Cited by E. X. Adams. Practitioner, Oct , 19(>3. 
Jaboulay: Lyon Mddical, Mar. 21. 1897. 
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should be adjusted to tlie needs of each case, always beginning 
with a small quantity of tissue and adding small grafts until 
distinct improvement is noted. It must be said, however, that 
the experimental use of small grafts lias not, so far, been attended 
witli much success. 

Indeed, it has not been possible to obtain successful grafts 
in a sulhciently large proportion of experimental animals so far 
to warrant grafting in man. Domini cis,^^'* Boinet, Imbert,'*'^^ 
Coenen,^ "i'addci and Torrini,^*^** and others had unsuccessfully 
attempted to introduce grafts in various parts of the body. 
Abelous,^‘^^ however, succeeded in jireserving life in animals 
from which the adrcmals had been removed by means of grafts; 
hut subsequent degeneration of the latter caused death. 
Clourfein met with similar results. Haberer,’*^'^ after partly 
detaching one adrenal in such a way as to provide a pedicle 
which would continue to supply the organ with blood, inserted 
the free segment in a slit in the kidney. This operation, tried 
in 86 animals, jiroved successful in 50 per (*ent. But to replace 
a diseased organ, transplantation of a normal organ obtained 
from another suhjc'ct or lower animal is necessary. The nearest 
approa(;h to this result was that obtained by Busch, Leonard, 
and W right, who succeeded in transplanting the adrenal of 
one rabbit into the kidney of another which had also been 
dej)rived of one adrenal. On removing the remaining adrenal 
thirty-six days later, the animal recovered, showing that the 
implanted adrenal was functionally active. On removing the 
kidney containing the grafted adrenal twenty-nine days later, 
however, the animal died in forty-three hours. On the whole, 
it has become apparent that the kidney is the best structure for 
the implantation of adrenal grafts, and that it is in this direc- 
tion that our attempts at grafting should be directed. Eecall- 
ing the experience of Jaboulay, Courmont, and others to the 
elTcct tliat the dog’s adrenal produces fatal hyperthermia, the 
organs of smaller animals might be used, adding one or more 
subsequently if need be. 

Dominlcls: Gazetta degli Osp. c. d. Clin., Nov. 22. 1896. 

liiibort: Lp nullptiii Medical, Nov. 8, 1899. 

'^''Copiien: Arch. f. klin. Chir.. B. Ixxxl, Hft. 2, 1907. 

Taddoi and Torrlnl: Lo Spprimentale, July-Aug., 1907. 

Abelous: C. R. de la Soc. de Biol., Nov., 1892. 

Habrrer: Arch, fdr klin. Chlr., B. Ixviii, No. 2, 1908. 

Lwtt Busch, Leonard, and Wright: Jour. Amer. Med. Assoc., Aug. 22, 1908. 
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As to the general results of adrenal preparations and 
grafting, a series of 120 cases collected from literaiurt^ within 
niy reach, including 07 previously collected by E. W. Adams, 
in all of wliicli adrenal preparations had been used in some 
form, gave the folloM-ing results: — 

1. Cases in which death can be ascribed to grafting 


or adrenal pi’cparations S 

2. Cases in which tlie benefit was sligld; or nil 51 

3. Cases in which marked improvement occurred .... lUJ 

4. Cases in which permanent benefit was obtained . . 25 


120 

The unfavorable results obtained witli adrenal preparations 
given orally are doubtless due, in a gr(?at nu'asure, to I heir 
empirical use, and regardless of tlic dose indicated in c^acli casi\ 
E. W. Adarns^'^^ refers to a group of 7 cases, ^^in wliich alarm- 
ing or fatal results were presumably or possibly due to the 
treatment.^’ lie mentions, for instance, 2 cases reported by 
Affleck'**- treated with ^^suprarenal gland extract.'^ Tlui chart 
notes include the words: ^^Alarming col]a)>se. One of the 
cases began to improve markedly wlien the extract was stopped.’* 
In the original paper, reference is made to another case treated 
by suprarenal extract in which ^‘similar collapse was noted.^^ 
The dose was not mentioned. Sueh cases arc apt to he 
regarded as examples of the sudden dc’ath ohserved in Addi- 
son’s disease, to which Addison himself, Diculafov. Anderson, 
Bradbury, and others have called attention, (biiol,"*'' having 
observed similar signs of intoxication and collapse, tri(*d the 
remedy in a normal subject and obtained the same morl)id 
phenomena. The essential feature in carrying out this mode 
of treatment is to adjust the amount administered tt) the needs 
of each case, Addison’s disease being due, from my vi(m^point, 
to inade(iuate oxygenation and metabolic aclivity, the results 
in turn of a deficient production of the adrenal secretion, it 
follows that the temperature and bio od-pr ess tire indicate the 


Adams: Practitioner, Oct., 1903. 

Adams: Lov. cit. 

Affleck: Lancet. Dec. 31, 1898. 

^•“Gulol: Bull, de la Soc. medico-chi. du Var, Dec., jaub. 
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degree to wliicdi the adrenah are still j^erfonning their f unctions. 
It is plain, tliereforo, tliat our aim should he to supply only just 
enough adrenal extractive to compensate for the deficiency of 
adrenal secretion produced. 

This may Ijo illusiraied by ilio history of cases of Addi- 
son’s disease in whieli, out of the 120, permanent benefit 
occurred. In 1 of these, treated by Bated'‘‘ but Vi2 grain 
(0.005 Om.) of adnmal extract tliree times daily caused very 
great and lasting improvement with marked lessening of the 
bronzing. AVlien the r(‘i]U‘dy could not be obtained temporarily, 
which occurred twice, the case rela])sed. ('Onversely, Suck- 
ling’”'"’ began with 10 grains daily in another case and gradually 
increased until 175 grains were given each day ; he also obtained 
favorable results, ^fliat in Bate’s case the adrenals were still 
able almost to carry on their function is self-evident, while in 
Suckling^s the remedy practically compensated for the adrenals; 
the local morlnd process in them was still active, and such as to 
paralyze their functions — a fact which was well shown by the 
severity of the (‘ase when the use of the extract was begun. 
The average dose is probably that used by WeigalP'^** in a very 
severe case — 5 grains, increased to 10 grains, of the extract 
three times a day. The patient increased 0 pounds in two 
weeks, and after about three months 50 pounds. In other 
words, in the 25 Oases of permanent l)enefit, although the 
remedy was used empirically, it so ha])pened in all probability 
that the doses employed coincided with the needs of the organism. 
In the 51 cases in which no benefit was obtained several occur 
in which failure was evidently due to inadecpiate dosage or to 
too early (*essation of the treatment, while in others excessive 
doses— -practically in every instance a too rapid or excessive 
increase of tlie dose — as clearly prevented a successful issue. 

Excessive doses may not only raise the temperature beyond 
normal, as we have seen, but they may also, by increasing gen- 
eral oxidation and T]ietal)olism, so increase the functions of the 
thyroid that we may liave, besides, symptoms of exophthalmic 
goiter. Boinet^*’^ re])orted such a ease in a patient who had 


Untt': Amor. Pract. and News, Aur. 1, 189D. 
"''‘Suckling: Urlt. Mod. Jour., May 28. 18U8. 
^ttrtwelgnll: Australasian Med. Gaz.. Oct. 20. 1905. 
Boinet: C. R. de la socletd de blol., n. 891, 1889. 
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iDcreased the dose of his own accord. The same clinician’”'’ 
observed sudden death in 2 cases after injecting grain of 
adrenalin, the rise of pressure having produced, doubtless, 
hminorrhagic destruclinn of what remaijied of adrenal medulla. 

Adrenalin or any active principle of the epinejdirin grou]) 
should not be used in the disease owing to the suddenness with 
which they elevate the blood-pressure. Tliey prove eirective, 
sometimes, when given by the mouth, 7 to S drops of the* 1: lOOt) 
solution being given daily. Boinet'”” recently reported M such 
cases^ while in 4 cases the same treatment proved useless. 
Supracapsuliii ((hidaiiy) might prove more elhcient than 
adrcTialin owing to the claim that it is not oxidizable bec-ause 
it contains 0.5 per cent, of chloral. The dihd gland (the 
glandulw KuprarrnaJes of the Ih S. V.) is available in 

tablet form, 1 grain re])r(‘senting about 5 grains of tin; fresh 
gland. If the blood-])ressure and the temperature are cf)nsider- 
ably below normal, 3 grains (0.2 dm.) may bo given to an adult 
twice daily during jneals, from the start and ke[)t up and 
increased if need be until they beeomc normal, regulating the 
dose thereafter so as to maintain this level. Smaller dos(;s are 
indicated if the blood-ju’essure and temi)eratiir(^ do not d(;part 
Tnuch from the normal. The |)ow(ler is somelimes to b(; pre- 
ferred in the same doses, owing to tiie possibility of administering 
it in capsules which conceal the rather unjdeasant odor of adrenal 
gland. Unfoi’tnnately no very reliable |)n'paration is yet 
available. 

Glycerin extract of fresh gland may be prepared when; the 
desiccated gland cannot be obtained; or the fresb niutlon or 
beef gland may be given twice daily, in doses of 5 to 15 gniins, 
with the food. The glycerin extract is also nsed by))<)d(;niii('ally, 
but the injections are painful and are no more eir(‘ctive than the 
dried gland. 

As previously stated, I ascribe the therapeutic effects of 
pituitary extract to the adrenal priru’iple it (‘ontains. It is in- 
dicated, therefore, in Addison’s disease. The best way to ad- 
minister it is by intramuscular injections, using 15 minims (1 
c.c.) of tlie preparation termed ^S'aporole” by Burroughs Well- 


Bolnet; 
1*® Bolnet: 


LPch. g6n6raleB de m6d.. Feb. 9, 
iulletin de I'Acad. de Med., Oct. 6, 1909. 
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come and Co. and supplied in small vials containing the above 
quantity. The dose should he renewed as fre(iucntly as needed 
to raise the temperature to normal and keep it there. 

Pitres and Cautrelet-''” found recently that the use of 
glucose, to compensate for the deficient formation of glycogen 
(due to inadequate conversion of starches into this substance), 
caused the intense adynamia and sensation of fatigue to im- 
prove materially, especially when given simultaneously with 
adrenal preparations. 

Iron in the form of Blaud’s mass is of advantage to counter- 
act the amnmia. The adrenal product, by increasing the 
albuminous haunoglobin, requires the iron to build up haimatin 
and the complete haunoglobin. it is indicated even when the 
blood-count, whicli may be very low, as noted by ira3XMn, shows 
but little diminution of red cor2)uscles. One grain of iron 
can be given with desiccated adrenal j)owder in caj^sules. 
Other drugs should be used with great circumsi)ection, esjie- 
cially in advanced (‘uses. Strychnine, digitalis, and other drugs 
which raise the blood-pressure expose the patient to adrenal 
liaunorrhage. 

The intense asthenia, the tendency to syncope on exertion, 
and the weakness of the heart impose the need of remaining 
as (juiet as i)ossibIe. When the case is advanced, i*est in bed 
is indicated. Nutritious, but readily digested food tends to 
delay the morbid process, meats and milk contributing their 
own adrenal substance to compensate in a measure for the 
patient's inadeciuale sup[)l3\ Ijavage of the stomach affords 
considerable relief in cases in which there is gastroptosis and 
j'etention of food .materials as a result of relaxation of the 
muscular coat of the stomach, in keeping with the adynamia of 
all muscular elements. Bismuth is the safest agent to use for 
the diarrhoea in conjunction with the adrenal preparation 
employed. 

When Addison's disease is due to tuberculosis of the 
adrenals, as is usually the case, the carbonate of creosote 5 
grains (O.d (Im.) three times daily may advantageously he given 
with the adrenal preparation. 'V]w iodides, wdiich do not raise 
the blood-pressure, liave l)een used with advantage. 

200 Pitres and Gautrelet: Revue de Thtop. Medlco-Chlr., Aug. 16, 1910, 
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TEIl^I TN A T. I f YPO ADUKX 1 A . 

For reasons given on page 80 , the term ‘iiypoadroiiia*’ was 
introduecd in lieu of tlmsc at present in vogue, whieli are eitliei* 
ineorrect or cumbersome. Intcn-pnded from my vit'wpoini. 

Terminal hypoadrenia is that form of adremil lnsul}]rlvucij 
irhirh occurs late in the course of an acute febrile disease^ ns a 
result of the exhaustiny secretory artivify, prohahly ayf/ravnletl 
by temporary local lesions to tvhich the adrenals are snbjecied, 
as defensive organs, during the febrile peritnl of the disease. It 
should be clearly differentiated from intereiirrent h y/fermheiuw, 
a more dangerous type, considered beyond, which may aj>peai' at 
any time in tlie course of an acute infection or toxaMiiia. 

The adrenals being admittedly concerned in llie ])rot('ctiou 
of the organism during* infections and inioxications by con- 
tributing an excess of their secretion during th(‘ febrile stage 
of the disease (sometimes considerably ])rolonged), ii follows 
that after this stage is over the adrenals should lapse into a 
condition of more or less temporary iiisullu'iency through 
fatigue or exhaustion. This efl'ect is w(‘ll exiunplitied ])y the 
recent observation of CarP®’*^ that the adrenals of frogs after 
strychnine convulsion and also of a l)icyclist who bad died of 
extreme exertion no longer gave the chromailin reaction. 

Tn lobar pneumonia and bronchopn(*umonia, for instance, 
r('solution may be considerably di^layed and convalesccMu c* lik(‘- 
wise. There is, late in tlie case, extreme adynamia and a low 
blood -pressure, the temperature is below normal, the pulse? 
weak and more or less ra])id, and death from heart-fa ilun* is 
not infrequent. In typhoid fever, hypoadrenia is commonly 
observed. Tlie disease assumes what is now known as tla; 
cardiac type, witli weak pulse, prostration, a ti'iidency to faint- 
ing. A case of this class, and whicli shows clearly tin? adrenal 
involvement, ^was recently described by .Josue.“*^^ Here, again, 
we find, late in tlie case, extreme prostration, a ra])if!, weak and 
sometimes irregular pulse, hypothermia, and a marked tendeney 
to vertigo, fainting, and cardiae failure. Are these phenomena 
duo, in keeping with the effects of poisons on the adrenals 

2®' Josu6: Soci4t6 Mddlcale des Hdpitaux. May 21, 1909. 

Berliner kiln. Wochenschrift, June 12, 1911. 
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already described in these pages, to vascular lesions of these 
organs ? Sicard-*^^ reported the case of a young woman in whom 
the foregoing symptoms appeared on the ninth day of a broncho- 
pneumonia. Extreme muscular weakness, marked hypothermia 
and low blood-pressure, diarrlura, and Sergent’s white line were 
present. On the fifteenth day the blood-pressure fell to 70 or 
80 (7 or 8 per cent, retain) and death followed three days later. 
At tlie autopsy the adrenals were found hiernorrhagic. This 
suggests that adrenal lesions may be present in all such cases. 
Yet, Jtibadeau-Durnas and Bing~^*‘** have witnessed the same 
symptoms in cases of measles which recovered, while Bossuet^^^ 
refers to 8 cases in various febrile disorders in whicli typical 
symptoms of adrenal insufliciency, asthenia, low blood-pressure, 
etc., developed suddenly and disajipeared spontaneously, aided 
perhaps by adrenal extract which liad been administered. What 
organic lesions occur in such cases, therefore, are not necessarily 
fatul, as emphasized by the areas of fibrosis (old healed lesions) 
often found at autoi)sies.“^^'^ 

As stated recently by Morichau-Beauchant,"^’® the adrenals 
seem to show a special predilection for certain infections. 
Diphtheria easily leads them all in this connection. So seriously 
do these organs suffer in these cases that Sevestre and Marfan 
have termed the type ^^secondary syndrome of malignant diph- 
theria.^’ llutinel ascribes the fulminating cases of scarlatina 
to this cause, ^retanus, erysi])elas, mumps, certain forms of 
tonsillitis, and certain streptococcic infections are occasionally 
witnessed which also present the typical syndrome of hypoadrenia. 
Goldzichcr-^’' was led by his researches to conclude that in the 
various forms of septicaemia the appearance of lower blood- 
pressure was to be ascribed to insufiiciency of the adrenals. 
Einally, Comessatti*^"'^ found that in diseases of long duration, 
the adrenalin contained in the adrenals was far less than in those 
of subjects in which death had occurred suddenly. 

rATTiooENiisis AND Symptomatolooy. — These two features 
of terminal hypoadrenia have been partially covered in the 

5’®»St<'ard: Hullotln do la Soc. Mfidlcale, July 21, 1904. 

^ Ribadoaii-Duiuas and Bing: Bull, do la Soc. Anat., June 3, 1904. 

«»*Bossuet: Gazette hebd. des Sc. m#d. de Bordeaux, Oct. 30, 1904. 

Loeper and Oppenbeim, in Malad. des Reins et des Caps. Sur., by Debove, 
etc., p. 738, 1906. 

^ Morichau-Beauchant: Le progrSs medical, Oct. 9, 1909. 

Goldzicher: Wiener klin. Woch., June 10, 1910. 

Comessatti : La Clinica mod. Italiana, Nov., 1910. 
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foregoing lines. Briefly, if at tlie end of an infections disease 
the case, ilistead ot jH’oeeeding to eonvaleseenee, remains in a 
condition of asthenia, with low blood-pressure and t(‘inperatiin\ 
there is good ground for the conclusion that this form of hy])o- 
adrenia has occurred. Exhaustion of the ailrenals during the 
acute process having inhibited their secretory activity, the 
above symptoms result from inadequate oxidation of, and 
metabolic activity in, the tissues. SergentV while line, alrtsuly 
described, may be obtained in the majority of these ('ases. 'Fhe 
patient complains of cliilliness, the surface is pale owing to the 
poverty of the blood in cellular elements and baunoglobin, and 
to recession of the blood-mass from the surfac'e to the dtH‘[)er 
vascular trunks. The vascular tension being low the pulse is 
rapid and the heart-beat weak. Anorexia due to deficient 
metabolism and diminished nutritional ne(‘ds, nausea, tlie result 
of relaxation of the gastric muscular coat, and diarrheea due to a 
similar condition of the muscular coat of tin* (already passively 
engorged) intestine, more or less fre<pient fainting s|)ells may all 
be witnessed in siu'h cases, which are always greatly ex])osed to 
relapse or to suddeji demise from heart-failure. 

(Complications of various kinds may occur. The immuniz- 
ing processes being greatly weakened through the deflcicuicy of 
adrenal secretion, one of its important factors, septic infection, 
abscesses, bone lesions, tuberculosis of a ra|)id type, and other 
infections may more or less rapidly develop. Disorders of 
nutrition, cholelithiasis, and occasionally Addison's disease may 
also appear. In acute pulmonary infections, pneumonia, for 
example, tissues in the neighborhood of tin* focus of infection, 
the pleura, the heart, etc., inadequately protected Ijy the* blood 
or its phagocytic cndls become infected. Briefly, the body is 
rendered vulnerable to the attacks of almost any patliogenic 
organism. 

Patitology. — In the special type in (juestion no adrenal 
lesion may be discernible. In the majority ol instances, liow- 
ever, the organs are enlarged and congested, and may show here 
and there a lin^ited haemorrhagic area. Their ajjpearance sug- 
gests not only the conditions incident upon functional exhaus- 
tion, but the presence of a ]tasstv(* congestion (w^e page Hi) 
resulting from loss of resiliency of their sinusoidal vessels, thus 
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impeding the circulation through them. Occasionally they are 
the seat of suppuration, a complication which is apt to be ob- 
served wlicn tlie causative disease is, or includes, a streptococcic 
infection, pneumonia or meningitis. 

The ])atliological picture of the more severe form of 
adrenal complication, i.e., intercurrent hyperadrenia, considered 
beyond, shows far more distinct lesions of the adrenal paren- 
chyma. Jfence tlie typical lethal phenomena tliat attend many 
of these cases. 

Tkkatmknt. — In tliese particular cases opotherapy, or 
railier tlie use of adrenal gland, or of pituitary body, which 
acts very similarly, hut with less violence and more lasting 
effects, sometimes giv(*s surprising results. The adrenal prod- 
uct — whicli from my viewpoint is also the main active agent in 
the neural lobe of the pituitary, as shown by the chromaffin 
test — supplies precisely what the body needs, e.g,, the resump- 
tion of all ONidation ])rocesses, whic'h hioans general metab- 
olism and nutritiofi, and the resulting rise of blood-pressure, 
which causes the blood to circulate normally in all organs, in- 
cluding the skin, and in the adrenals themselves. Indirect 
effects are also oldained : its action on the heart increases the 
contractile power of this organ, and, being thus rendered 
cajiable of projecting the blood with more vigor through the 
lungs, oxygenation of the blood becomes more perfect — a 
process materially aidc’d by the rise of hlood-pressure, whieh, as 
slated, drives the blood from the splanehnie area toward the 
peripheral organs, ineluding the lungs and the brain. From 
these features alone, eonsiderahlc benefit is derived. If we 
recall, moreover, the participation of the adrenal secretion 
(whieli the adrenal preparation administered represents) in the 
immunizing process, av(' have the added factors of ridding the 
blood of any intermediate — and therefore toxic — wastes, bac- 
terial toxins, etc., it may contain, and of increasing phagocytic 
activity, thus antagonizing efficiently any pathogenic organism 
tliat may remain to compromise the issue. Thus explained, we 
can understand the phrase ‘‘little short of marvelous^’ applied 
to the results obtained ])y some clinicians. We can also under- 
stand the marked reduction in the mortality obtained by Hod- 
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dick^®* in cases of peritonitis following appendicitis accon\- 
panied by uncontrollable decline of the blood-pri‘ssure, cyanosis, 
and other evidences of collapse, and also in puerperal toMciuias, 
by the slow intravenous use of adrenalin in saline solution. 
Hoddick ascribes the lowering of the blood-pi’essiire to ])arah 
ysis of the vasomotor center; but as the to-xa'inia is the cause 
of this condition, an agent capable of counteracting l)oth causi‘ 
and effect is necessary. This is met by the adrenal principle. 
Josiie,-*^'** in typhoid fever, likewise reliev(*d tlirt'atiaiing symp- 
toms by injecting 15 minims (1 e.c.) of adrenalin (1 : 1000 sol.) 
in yj to 1 pint (250 to 500 c.c.) of physiological saline solution 
subcutaneously. The influence of the saline solution in these 
cases must not be overlooked, however. S(‘ven years ago, 1 
urged that death was often due, in infectious and sejitic diseases, 
to deficient circulatory osmosis, and advised the use of saline 
solution from the onset in all febrile dis(‘ascs. Neti(*r-'“ has 
used large doses of the adrenal aedive principle with ])rofit. 
lyrarran and Darre-^' found it of great value in the colla])si‘ of 
diphtheria with marked asthenia, low blood-pressure, and sub- 
normal temperature. Moizard-^- recommended adrenal opo- 
therajiy as soon as asthenia and low blood-pressure occ*ur in any 
infection, lie gives daily two fresh adrenals from the sheep, 
finely divided and mixed witli powdered sugar, or. hidttu*, ih(‘ 
use of the active principle, adrenalin, supracapsulin, etc., 10 to 
20 drops daily divided in five or six doses. KirchluMiner-’’' has 
found large doses (10 to 24 minims) safe hy]K)(lerinically in tlie 
collapse of pneumonia, diphtheria, and scarl(4 feviT. Letulle, 
Ijemoine, Grysez, and Dupuieli^^^* have found it of gr(‘at value 
in the latter disease, l^esne, Gerard, and Francon'-'*''^'^ not(Ml 
tliat the sudden death in erysipelas sliowed the cliarachu-istic 
symptoms of adrenal inhibition and obtained good n-sulls from 
the internal use of adrenalin and digitalis. Tlie hetUT ])Ian, 
from my viewpoint, is to inject adrenalin witli saline solution 
(at 108° F.) intravenously. 


Hoddick: Centralbl. f. Chlr., Oct. 32. 1907. 

®®*Jo8u6: Loc. cit, 

2»«Netter: Soc. Mddicalc dos Hdpitaux, May 7, 1909. 

Marran and Darrd: Journal des praticlens. May 15, 1909. 
^laMoIzard: Revue de th^rapeutlque, Jan. 

Klrchheimer: Mtinch. med, Woch., Dec. 20, 1910. 

Lemoine, Grysez, and Dupuich: Bulletin mMlcal. Jan. 17. 1912. 
»**»Le8nd, Gerard, and Francon: Presse m6dlcale, Nov. U, 1911. 
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These measures are only indicated in emergency cases, 
however.- In the average case the glandnlw suprarenales siccce 
of the U. S. P. administered by the mouth is fully as effective 
if a good preparation is obtained as soon as asthenia and low 
blood-pressure appear. The powder in 3-grain (0.2-(Tin.) doses 
three times daily in capsules, gradually increased until 5 grains 
are given at each dose, usually suffices. When the cardiac 
adynamia disap])ears, a small dose of tliyroid, the desiccated 
gland, also Vc grain (0.03 Gm.) strychnine %(> grain (0.001 Gm.) 
and Blaud’s pill, 1 grain (0.06 Gm.) added to each capsule 
greatly hastens convale.scence. The iron and the adrenal 
jiroduct serve jointly to build up the haimoglobin molecule, a 
slow process when left to itself. 

For our knowledge of the action of the use of pituitary 
extracts in infectious diseases we are mainly indebted to L. 
Ttenon and l)elill(?,-^‘‘ wlio began their use in 1907. In a recent 
work in whi(*li the ohservations of both observers are recorded, 
l)elille,“‘” referring to grave cases of typhoid fever, states that 
they showed “‘arterial hy|)otension, irregularity of the pulse 
(especially the grave forms), oliguria, insomnia; while con- 
valescents show(‘d asthenia, hypotension, or at least effort 
hypotension (Oddo and Al. Achard), paroxysmal or continuous 
tachycardia” — all, avc have seen, symptoms of hypoadrenia. 
Idiey found 1^/4 grains of pituitary extract (of both lobes), at 
noon daily, extremely efficient; it coiiiitcracted at 0 !ice the 
dcjiressed arterial tension, ])roduced diuresis, relieved the insom- 
nia, and greatly inijiroved the general condition. Similar effects 
were observed in diphtheria and erysipelas. The use of the 
pituitary extract “va|)or()le,'’ as described under the preceding 
heading, is also indicated in these cases. The results in 
jmeumonia do not a])pear to me to warrant the use of any 
adrenal or pituitary preparations early in the case, the first 
few days of the disease, when the blood -pressure and the fever 
are high. TIuy should be used only when a low blood-pressure 
and other symptoms of hypoadrenia are present. The results 
reported by Delille strengthen this opinion. In advanced 
tuberculosis no beneficial effect was observed. 

Ronon and Delllle: Bullt'tin de th^^rapeiitlque, Feb. 8, 1907, 

Dclllle: “L’Hypophyse ct hi Medication HypopUysaire/' 1909. 
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IIYPERi^DREmA. 

Just as ""liypoadrenia'- lias secuiod to uie to roplaeo ad- 
vantageously both “adrenal insidticieney" and “livpoadreiialisin/' 
so does “by])eradrenia'’ ajipear to eonvov a more exaet meaning 
of excessive adrenal activity than “hyperadrenalism/- Avhich sug- 
gests the presence of hahitual overact iv it y, and to l)(‘ less enmlier- 
some than the phrase “(excessive sec.*etory activity'- ' and others 
hahitually used. 

To recall briefly the effccds of large (h)ses of adrenal extract, 
is all that is necessary in the jir-sent conneetion. 1\*xtl)ooks 
merely refer to the fact that it (*auses marked slowing of the 
heart, marked constriction of the Idood-vessels, and a decided 
rise of hlood-pressnre ; Init we would not ]»roe(‘ed far witli tlu'se 
archaic limitations were we to attempt to (‘x])lain with them 
the phenomena included under hyperadiH'uia. I sliall, Iherefon*, 
continue to have the int(‘r])retation of the iihiaionuaia witiu'ssc'd 
upon the conc(‘])tion of adrenal fiiiudions I liav(‘ advanced, viz., 
that the adrenals supply a secretion wliich h(‘com(‘S converted in 
the lungs into the oxygenizing alhnminous eonstitinait of tlie 
hamioglohin molecule, and that as such it governs iiK'taholism 
and nutrition^ the action on the lH*art and lihxMl-vessels being 
hut an incidental result of this function. We have S(‘en also 
that the adrenal secretion took [lart in thcj immunizing ])ro(*esses 
of the body at large. We shall now find that ih(*se functions 
account for those of hypoadrenia, as they did imdin- tlu^ pre- 
ceding heading. 

Were we to identify a “funetionaF’ type, as T did in tJio 
opposite condition, hypoadrenia, we should find it necessary to 
include the many conditions in which overactivity of the 
adnmals takes an irnportant part. When Ave recall, how(*ver, 
that, from my viewpoint, tliesc organs play a leading role in all 
febrile affections, that an excess of adrenal sc'crcdion in the 
hlood means hyperoxidation and hyperactivity of all organs, and 
that as a result xve may have glycosuria, psychoses, ]>ulrnonary 
(i?dema, and many other symptoms, it will become apparent that 
no such a ^Tunctional’^ f.vpc could well he proposed without 
endowing the adrenals with a great part of the whole field of 
pathology. It was deemed far preferable, therefore, to treat 
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known diseases in tlie usual way and to illustrate the role played 
in their history by the adrenals. This has been carried out in 
tlie second volume^ beginning with page 1389, reserving for the 
present chapter what disorders could strictly be associated with 
the adrenals per sa or due essentially to an excess of adrenal 
tissue, as in the various forms of liyperncphroma. 

In point of frequency, subdivision of tlie subject is not diffi- 
cult to establish, the first condition, treated below, being one 
whi('h ihe general practitioner is liable to meet at any moment 
and continuously in tlie course of liis everyday work. 


ACITTE ilYl^ERADKENrA AND ADRENAL ILEMORRHAGE. 

I>y Uie t(*i‘m ‘^‘acuie hy]>(‘radrenia,'^ I mean excessive func- 
tional activity of the adrenals or ‘diyperadrenaJisin,^’ brought on 
liy the presence in the blood of the system at large of any 
jioison (*apal)le of exciting the adrenal center. 

We have s(‘en that various toxics, jmeuinobacillus cultures, 
dipliiheria and oth(‘r toxins, drugs, vegetable poisons, etc., 
caused, when inj(‘ci(‘d e.\]>erimenlally, congestion of the adrenals, 
so inarki'd in some instances as to ])rovoke rupture of the con- 
gested. V(?ssels, or necrosis of the adrenal cellular elements com- 
pressc'd by them. ^J'o the confirmatory investigations already 
mentioned may lie ad(U‘d those of lh?rnard and Bigart,“’“ who 
studied the ellVcts of arsenic, mercury, and lead, mainly in 
respect to tlie histological changes produced in the cellular 
elements of the adrenals, and who found that in the less pro- 
found intoxications theu-c oeeiir, insti‘ad of destructive lesions, 
tlie histological signs of finiclional hjjperacilvity. My own 
investigations liave not only sustained this conclusion, but tlio}^ 
have served to exjilain the manner in which this functional 
liyperactivity is brought about, viz., by excitation of the adrenal 
('(mter, wliicli, as already stated, I traced to the pituitaiw body. 

As previously shown, wo arc dealing with the manifestation 
of an immunizing function in which tlic adrenals take part. 
Important to recall in the present connection, however, is that, 
wlien the intoxication becomes excessive, it may entail grave 
consequences. The intra-adrenal vascular channels, abnormally 

91A Bernard and Bigart: Jour, do physiol, ct de pathol. g^n^rales, No. 6, p. 
1014. 1902. 
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engorged through the marked back pressure iiulucod bv the 
high blood-pressure caused by the excess of adrennl secretion, 
are exposed to laipture. This hyperactivity of the adrenals 
(acting in conjunction with the thyroid) constitutes tlie ])he- 
nomenon, so far unexplained by pathologists, of fcrrr, \rhile tlu‘ 
excessive activity which exposes the adrenal vessels to rupturt‘ 
coincides with that of hyperpyrexia in these acnite in feet ions. 
In other words, tlic liyperadrenia which ot'cairs in the course of 
acute febrile infections or intoxications is tlie exjircssion of an 
immunizing process, but this assumes dang(;rous pro])()rtions 
and involves the danger of fatal adrenal haunorrhagt' wlum (‘\- 
cessive, Le,, when the immunizing process exceeds certain limits. 

Acide hyperadrenia , tlierefore, is that condlUoii of the 
adrenals which precedes adrenal luvniorrhaye in any frhrih^ 
infection or intoxicaHon, and the dantjer-siynal of which is 
hyperpyrexia. 

This does not mean that f(‘brile infe(dions and intoxications 
alone expose the adrenals to luemorrhagi* ; we have s(‘en that 
many poisons and drugs even may do so by laising or depressing 
unduly the blood-pressure through a din‘ct action on tin; vaso- 
motor center. This process luis been reviinviHl in suHieient 
detail. We shall now deal only with disease's due' to toxins and 
endogenous poisons, toxic wastes, etc., that are callable of en- 
hancing the adrenal functions to awaken a (h'b’usive pnuc'ss and, 
as a complication, adrenal banuorrhage, and treat botli conditions 
jointly, the better to emphasize their close clinical relationship. 

Adrenal ha^^morrhage first described as a disease by hay(!r“‘^ 
early last centurj^ and cases of which have been r(*})ort(*d by 
Addison, is of common oc'currence pathologically. Jlesides the 
evidence previously submitted illustrating the fn^rpiency with 
which this morbid process is observed may l)e nienlioiuMl the; 
fact that, in 150 random autopsies, Loeper and ( )ppenheiin-^‘^ 
found, aside from instances of simple congestion, winch were 
very numerous, 5 true ha?morrhagcs visible to the naked eye and 
8 discernible microscopically. The proportion was inuch greater 
when infectious diseases had been the cause of death ; and they 
hold that a large number of similar lesions are masked by 

Rayer: L*Exp^rience. May 10 and Nov. 10, 1837. 

Loeper and Oppenheim: Loc, cit., p. 722. 
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cadaveric changes: adrenal congestion and necrosis being fre- 
quently present togetlier. The newborn sliowed a special pre- 
disposition to this complication, the proportion of 250 autopsies 
being 45 per cent. That we are dealing with a frequent, though 
generally overlooked, cause of death, is evident. 

While disorders of respiration predominate as cause in the 
newborn, infedions do so in eliildren and adolescents. Then 
come, in order, and, apparently, as the most frequent causes in 
adults: pulmonary disorders, especially tuberculosis and pneu- 
monia; nervous diseases, ]>articularly meningitis and epilepsy; 
chronic renal diseases, arteriosclerosis, camber, abscess, burns, and 
general paralysis of tlie insane. Ihirpura is often regarded as a 
cause, but this should be considered, from my viewq)oint, as a 
precursor or dangm-signal of adrenal luemorrhage, though the 
purpuric spots, whidi are in reality cutaneous luemorrluiges, 
persist after the adrenal luemorrhage has occurred. 

From llu^ fads submitted below, 1 Avould define adrenal 
ha3inorrluig(* as an crlraviusalion of blood into one or both 
adrenals due to ruplure of some of their blood-vessels when, as 
a result of hitj/t blood-pressure ihroutjhoul the body from any 
cause: to.rlus, toj'ie wastes, etc., these vessels are subjected to 
cenlrifuyal pressure exceediuy the resist an ce of Iheir walls, 

1 ’ A 'r 1 1 0 ( } v: N i-:s is and S y m vto u a to l( x j v . — A 1th ougl \ ad renal 
luemorrhage is dm* to tlu* rupture of the vasiuilar. elements 
when tlu? congeslion of hyperadnaiia {?\ceeds safe limits in all 
cases, the pathogenesis of adrenal luemorrliage varies consider- 
ably in its general liiu's ac(*ording to the age at which it occurs. 
This a|)plies also, to a limited ext(*nt, to the symptomatology. 
It becomes necessary therefore to divide the cases into three 
general groups, viz.: (1) the newborn, i.e., during the firet 
days of life; (2) cdiildren, up to puberty, and (;3) adults, i,e,, 
beyond ))ube]*ty. 

Adrenal ITivniorrluiye^ in the Newborn. — Tn these, adrenal 
luemorrhage occurs within a few moments or days after l)irth. 
In a small jn’oportion of cases, death ensues, without premonitory 
symjdoms, shortly after liirth. Delay or injuries in the course 
of deliv(*ry or interference therewith by malpositions, or any of 
the causes whicli are apt to render artificial respiration neces- 
sary, pnalispose to it. In another class of cases the infant, 
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having sliown pcrliajjs some slight difficiuliy in breatliing or a 
tendency toward cyanosis, suddeidy ct'ascs to nurse; redtlish- 
purple or brigJit-red spots of piirjuira ap))ear on the t'ace, iieek, 
buttocks, or extremities; a etonvulsion follows, with di^Ui in its 
wake. Or again, patclies of i)urpura appear, the infant ri'fuses 
the breast and becomes somnolent, then sutlers from eolie, 
diarrh(x?a, vomiting, and fever and becomes rapidly emaeiati'd. 
Convulsions usually precede death. 

All such cases are due, from my viewpoint, to the inade- 
(juacy of the defensive resources of the infant, i.e., ils inability 
to counteract an endogenous toxaania. As ])revioiisly stated and 
as will be emphasized later, the adrenal system (consisting of 
the adrenals, thyroid, and ])ituitary, and to which I attribute a 
leading role in all immunizing funetions) is not suHieiently 
developed in the nursling to i)roieet it ade(iuat(‘ly against toxics 
of various kinds; the maUn-nal milk provides th(‘ immuni/ing 
constituents derived from her own adrenals and thyroid to 
compensate for this function. My opinioii has betm rei'ently 
sustained by Fassin, Ste])anoir, and Marbe,-*'* and also by Con- 
cetti'*^-*^ as to the influence of the thyroid in iUv. ])r()eess, while 
the immunizing property of maternal milk as a compensat- 
ing factor for the deficiency of the suckling has b(‘(‘n sustained 
by Ehrlich and Brieger, Abraham Jacobi, Welch, and others. 
Now, at birth, any condition which diminislu's materially tho 
immunizing activity of the maternal milk, or which, in the 
nursling, interferes with the utilization f)f the maternal im- 
munizing bodies, siudi as a (hdicimit intakes of oxygen, asphyxia, 
hypox'atabolism, etc., (correspondingly impairs the ]»owcr ot ilu! 
infant to break down its waste products, thus allowing thes(> 
poisons to accumulate in the blood. Precisely as tliey art? known 
to do in e])ile])sv, eclampsia, and other convulsive disordt'fs, these 
endog(mous intermediate wastes cause a violent (devalion of the 
blood-pressure, — sufficient to cause rupture of tl>e delicate but 
rich vascular network of the adrenal medulla, local izeci (-apillarv 
lueinorrhages in the skin, the f)urpura, mebena, h;emopt\sis, 
epistaxis, and other forms of haemorrhage witness(*(l. \ (uniting 
and (liaTThopa occur as results of the marked c'ongestion in the 

Leopold Lr6vl and de Rothschild: Physlo-pathologfe du corps thyroidc, p. 
20, Paris, 1911. . , , o kiia 

Concetti: Revuo d*hygl0ne et m^decine intantllos, No. 3, iJio. 
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alimentary canal^ while convulsions are produced by a corre- 
sponding hypcnemia of the cerel)rospiiial axis. 

This accounts for the fact that tliese cases cannot be traced 
to infection or ascribed to tlie presence of any pathogenic 
organism (tliough we sliall see presently that infection often 
causes adrenal lia'inorrliage in older children), and also for the 
frequency of adrenal luemorrhage the first few days after birth, 
especially where there is any indication of deficient respiration, 
or, as in the cases witnessed by Northrup, an incomplete septum 
luciduni. 

The cortex is sonietinies greatly distended by the luenior- 
rhagtj, and the Friahlcj medulla of the organ completely dis- 
organized and rejdac'cd by a black blood-clot. 

Adrenal Jlwinorrhage in Children , — This is due to an 
entirely diirerent class of (*aiises, though the morbid eifects and 
the syni|)tomatology are very similar. Here again death occurs 
sometimes more or less suddenly in the course of the causative 
disorder, or, in fai't, sometimes before its exact natui‘e has been 
determined, though in most cases the lethal c()lla|)se is preceded 
by purpuric spots. If the causative disorder be an exanthema, 
varicella, for example, the eruption may itself sliow a change, 
each jiatch assuming a bluish or cyanotic tinge, soon followed 
by colhi])se. In most cases, however, there occurs two, three, or 
more of the following symptoms: vomiting, fever, marked pros- 
tration, a more or less extensive ]Hdechia or a purplish purpuric 
eru])tion, dyspiuea or at least rapid respiration, diarrluea with 
jierhaps abdominal jvain radiating into the loins, due to pres- 
sure of the dilated adrenals upon the adjoining sympathetic 
])lexusevS, and convulsions, cyanosis, and collapst; — forming an 
incomplete and variable syndrome which is characterized by a 
feature common to all — its rapid termination in death, i,e,, 
within a period varying from a few to forty-eight hours. 

That a toxjemia underlies all cases, as in the newborn, is 
also evident: but its source is entirely dilferent. Adrenal 
apoplexy has been met in the course of several of the exanthe- 
mata, varicella, variola in the unvaccinated, diphtheria, and 
scarlatina especially; during convulsions or as a complication of 
abscesses, |)ya‘mia, septicaunia, liydatid cysts, bronchopneumonia, 
ptomaine poisoning, or after extensive burns and severe injuries. 



ACUTE HYPEHADRENIA AND ADRENAL ILEMORRllAGE. 121 

It lias also beoi) attributed to the staphyloeoecus i)y(>-inies aureu- 
and albus (Iiiesnian, Dudgeon), the streptoeoeeiis (Drvsdale) , 
the pneunioeoeeus and baeiJlus eoli eoiinnunis ( Iiivieiv*), llu^ 
lueningoeoccus (Candler), and to otlier iniero-oigauisins/ On 
tlie whole, it may be due to many morbid conditions: but the one 
striking leature of all these causative disorders is tliat they are 
all of such a nature (tel)rile diseases, convulsions, et('.) as 
provoke a rise of blood -])ressure. dust as we hav(‘ S(‘en th(‘ 
kittei to be the cause ol adrenal luemori’liagi^ in I lie ne\N'born, 
so is it in children. Dudgeon--^ states that ‘bmy dist'ase whi(‘h 
is known to produce stagnation of the blood in (he veins or a 
marked increase of the blood-pressure may be associated with 
adrenal luemorrhage’' ; 1 would say instead that such a (‘ondilion 
of the circulation tends to produce iUc lat((‘r as a eomplic-alioii. 

Here again we are likely to find one or both glands mor<‘ 
or less filled with a hhu-k (‘oagulum with, oeeasiofiallv, extrav- 
asation, or here and there luemorrhages into the* mt*dnlla or 
under the cortex, raising the corresponding portion of the latler. 

Adrenal llaanorrhaffe in Adnfls . — Adrenal luemorrhage in 
adults is now thought to be rare, but this is [jrobalily due to thi! 
fac't that it is seldom recognizcMl. Although sinhhm dc^ath may 
occur without j)remonitorv symjitoins of tlu* luemorrhage in tln^ 
adrenals, there is usually more or less sinlden pain — som(*tini(‘S 
excruciating — in the alxlomen, radiating toward the back, un(h*r 
the costal margin ; tympanites, vomiting, |)rostration, great wi‘ak- 
ness, co])ious and stubbom diarrluoa. I hemorrhagic purpura 
and cutaneous liaMnorrhages may also apjiear, but purpura is 
much less common than in children; aiuemia, with a yellowish 
tinge of the skin ranging from sepia or light brown to the 
l)i’onzing of Addison’s disease in whi<*h adrcJial apoplexy is not 
uncommonly observed. When it occurs in the midst of a con- 
vulsion, during an epileptic* fit, for exampde, the patient may 
either die on the spot or show, on r(’cov(‘ry, unusual asthenia, 
witli, perhaps, iincontrollable diarrlnea. (iradually the ])ulse aiul 
respiration become weak, more or h*ss cyanosis appc*ars, lollower! 
by coma and death. Unusual physical exertion h as also b(M*n 
known to cause adrenal apoplexy and sudden deatli. Acute 


^ Dudgeon: Amer. Jour. Med. Sci., Jan., 1904. 
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nepliritis is an occasional cause, death occurriiig suddenly with, 
perhaps, symptoms of pulmonary cedenia. 

The prevailing feature of «adrcnal luemorrhage in adults is 
tlie presence of lesions in the adrenals themselves which cause 
these organs to yield with ahnormal facility when a general rise 
of blood-pressure is brought on by any o!ie of many causes. In 
adrenal apoplexy occurring in the course of Addison’s disease, 
for example, the tissue-wastes which accumulate in the blood as 
a result of the* diminished antitoxic power of the diseased 
adrenals exedte, we have seen, the vasomotor center, and increase 
in proj)ortion the vascular tension and blood-i)ressure. In the 
course of an epileptic tit the same exciting cause prevails, since, 
as is well known, the vascular tension is always marked. Over- 
exertion may produce adrenal luemorrhage through the same 
ineclianism, owing to the accumulation in Ihe blood of an excess 
of tissue-wastes. Acute nephritis also ])roduces it by raising 
the vascular tension; in a casci of this kind reported by 
Loederich^-- this feature of the case is specifically noted. The 
production of adrenal apoplexy in Addison’s disease by injec- 
tions of adrenalin has also been reported in 2 cases (Boinet) 
— owing obviously to the rise of blood-i)ressurc whi(*h tliis agent 
produces. Common to adults also is the form due to arterio- 
sclerosis, the adrenal intrinsic arteries yielding here, as tliey do 
in the brain, owing to atheromatous degeneration, when from 
any cause the blood-pressure exceeds certain limits. 

On the whole, it is apparent that adrenal haemorrhage 
presents niany features in common with cerel)ral luemoiThage in 
which the gradually weakened vessel, particularly where, in the 
case of adults, arteriosclerosis prevails, can no longer sustain 
anything beyond the minimum blood -pressure. 

Many auxiliary factors tend greatly, however, to impair the 
resistance of the adrenal vessels and tissues. As sliown by 
Claude Bernard, hypeTOmia is a cardinal feature of function. 
The adrenal vessels are alr(‘ady congested and under stress, there- 
fore, when they are submitted to the excessive centrifugal 
tension which a marked rise of blood-pressure entails. Again, 
in tlie light of modern researches, and as will be demonstrated 
later in this work, the blood contains, during the febrile stage 

Le Bulletin MMical, July 8. 1908. 
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of infections and intoxications, bactericidal and antitoxic bodies 
to wliich autolysis, under certain coinlitions, is ascribed, 'riiat 
the rich vascular elements of the adrenals and oven the delicate 
adrenal medulla arc probably subjected to sucli a process and 
tlius rendered more vulnerable, in the course of acute febrile 
infections, is suggested by the areas of necrosis in these struc- 
tures which many autopsies reveal. 1 niust stale, liowcver, that 
I am not inclined to accept the conclusion that these n(‘(*roUc 
areas are due to post-mortem changes, jind that 1 rigard tluun 
as due more to a process of autodigestion similar to that known 
to exist in the gastric mucosa. This subject cannot, however, 
be considered here. 

Diagnosis. — The most important feature in this connection 
is to diiTercntiate clearly the preluemorrhagic from the i)o^t- 
haemorrhagic phenomena. Careful attention in this particular 
makes it possible to save life, since the prcluem(>rrhagi(^ symp- 
toms include several which may be regarded as danger-signals 
to the effect that the blood -pressure is dangerously liigh, and that 
tlie adrenals are threatened. 

In the infani, imperfect respiration following delayed de- 
livery, purpura with or without fever points clearly to ini})(?nd- 
ing hr:nnorrhage : The course of events then, if no prophylactic! 
measures are taken, will be tbe appi'aram/e in a few hours of tiu' 
posthemorrhagic state : abdominal pain, diarrluca, vomiting, 
soon followed by a gradual decline of the lempcTatnre, coldness 
of the extremities with convulsions or cardiac collapse as 
teiin in a 1 phenom en a. 

In the child, the presence of fever and high blood-pressure 
in the course of any infection entail the possibility of adrcTial 
hemorrhage, especially when any eruption that ?nay Ix! ])rcs(*nt 
tends to spread, or where purpuric spots are ])r(!sent. JlcnH? again, 
if not avoided by ap[)r()|n'ialo treatment, tlu‘ j)ostlucmorrbagic 
phenomena appear, likewise ending in death in a few hours. 

In the adult, the great variety of disorders whicli, besid(;s 
the acute infections, adrenal hemorrhage may suddenly (com- 
plicate would seem to preclude the possibility of preventive 
measures, but if it is remembered that the adrenals are exposed 
to hemorrhage irhcnever they hlood-prcssure i.s* liuih from nuy 
cause, as suggested by venous engorgement, venous pulse, facial 
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congestion, and a liard pulse, with the spliygmoinanoineter as 
control, the danger can as readily be forestalled as in the young. 
We must also, in the adult, take into account the possibility of 
adrenal haemorrhage in all asthenic diseases of the adrenals 
themselves, particularly the tubenailar lesions of Addison^s dis- 
ease in which death frecpiently occurs suddenly. In all of these, 
the symptoms of hypoadrenia arc present, particularly muscular 
asthenia, emaciation, liy])othermia, hypotonia or low blood- 
pressure, and feeble pulse. 

The onset of adrenal haemorrhage in adults is characteristic 
in its abru])tness, the severity of the abdominal pain, and the 
rapidity A\'itli wliicli it is folloivcd by general collapse. The 
incoercible vomiting and diarrhcca (either one or both), the 
hypothermia, the cold sweats, the feeble pulse and heart action, 
the coma or convulsions with sudden death in tlieir trail are 
unmistakable signs of sudden arrest of the adrenal functions. 

The absence of all reference to adrenal hannoiThage in text- 
books has caused it to be mistaken for arsenic poisoning and 
other intoxications, cholera morbus, appendicitis, cerebral apo- 
plexy, and other acute disorders. 

raociNosis. — As will be shown presently, adrenal luemor- 
rhage may be followed by the develo]>nient of luematomata in 
the adrenals ])roper, proof evident that not all cases are neces- 
sarily fatal, particularly small luemorrhages located in the depths 
of the organ. It is ])r()hable, therefore, that when the. likelihood 
of this compIi(*ation will be borne in mind by the ])ractitioner 
when treating any one of its many causes, and its main cause, 
excessive vascular tension, generally recognized and counter- 
acted, its [) resent high mortality will 1)e greatly reduced. 

'jht.nvTMKNT. — The multiplieity of pathogenic factors and 
of syni])toms, suHicitviit to have suggest ed many clinical types to 
various authors, has, so far, ])Tm’cnted the elaboration of any 
treatment calculated to prevent or arrest adrenal luTrnorrhage 
and its rapidly fatal course. With excessive blood-pressure as 
the direet cause of the disruptive congestion of the adrenal 
vessels, however, a general line of treatment calculated to relieve 
it obviously imposes itself. 

In a tlireatened case, antipyrin or other coal-tar products 
suggest themselves; but their use cannot but prove pernicious. 
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owing to tlie primary action on the vasomotor rciitiM*. Bv excit- 
ing this center and raising tlic blood-pressure they inercnise the 
likelihood of adrenal luvmorrhage, a fact wliieh pr()bal>lv e.e- 
counts for the many instances of fatal collapse obsiM-yed under 
their use in acute febrile diseases. The ])hysiologicai saline 
solution offers, on the other hand, all desirable (pialities. It 
does not, as argued theoretically by some authors, increase the 
vascular tension, even if inject(*d intravenously ; as shown by Ihe 
experiments of Sollmaim,“‘"'‘ l>riggs,“"‘ and otlun-s, any exc(‘ss 
of fluid leaves the vessels at once. By reducing the viscidity of 
the blood, saline solution tends to relax (lie bloo(l-v(‘ssels ; by 
increasing its osmotic properties, it facilitates greatly (he ))ene- 
tration of the plasma into the lymphatic chamuds, tliiis further 
reducing the vascular tension. The bactericidal and antitoxic 
propci*ties of the blood ore not rcduciMl in tlu? least by this 
procedure; there is considerable cvidtmcc availabb* to show, in 
fact, that they are enhanced (see j). !:>(>?). Saliiu* solution, 
therefore, should be used intravenously in emergency cases; 
subcutaneously in tlircatcniiig cases, and p(‘r rci tum in all cases 
in which there is any likelihood Avlialever that adauial haunor- 
rhago might occur. If employed from the ons(‘t of all infections, 
as 1 suggested in the blood-pressure would probably never 

be raised sufficiently to endanger the adrenals. 

As to drugs, wc liave several at our disposal which lower 
the blood-pressure. In emergency eases, nitrite of amyl by 
inhalation, with nitroglycerin (or in children the sweid. sj)irit of 
niter) to sustain the elfeet, a})})ears indii'aled. (Mdorul hydrate 
has been used advantageously by J. C. Wilson in ecutain exan- 
tliernata, to subdue tlie cutaneous (lis(*omfoi’t and as a, sedaiive; 
as it is also a vasomotor depressor, it Tiiight also server advanta- 
geously in all but infants in whom the respiratory meebanisin is 
defective.- Veratrum viride suggests itself as another useful 
agent of this class. Of all measures, however, the saline solution 
is much to be preferred. 

When the hajmorrhage has occurred, the lethal ])henomena 
are of such short duration in most cases as to have uiggested, wc 
have seen, the term ^^adrenal apoplexy.^^ In a fair proportion 

^^’SoHmann: Archiv f, exp. Path. u. Pharm., Bd. xlvl, S. I, 1301. 

Briggs; Johns Hopkins Hosp. Bull., Feb., 
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of cases, however, the luemorrhage causes sudden hypoadrenia. 
Tlie treatment of tliis condition is that indicated in the emer- 
gency cases of terminal liypoadrenia (see page 116). If the 
haanorrhage has not been too extensive tlie chances of recovery 
will 1)0 greatly in(*reased by the use of adrenal or pituitary 
j)reparations, the latter owing its properties, in my opinion, to 
the adrenal clironiairm substance the pituitary contains. 

ADRENAL HEMATOMA. 

{Adrenal Ilcrmorrhagic Pscudocyst,) 

Adrenal Inematoma, which usually develops in but one 
adrenal, occurs as a complication of th(3 condition just reviewed. 
It becomes a source of fatal adrenal luemorrhage when the cyst 
breaks and empties its contimts into the abdominal cavity. It 
indicates tliat the form previously described is not always fatal, 
but also that the lesions left behind may serve as the initial 
lesion of another grave disorder. Especially does tins apply 
when but one adrenal is the seat of haemorrhage. Its original 
causes, when tliese arc traceable, are the same as those of the 
acute form : acute intoxications, especially diphtheria, typhoid 
fever, burns, osteomyelitis, hepatic abscess and tuberculosis, 
atheroma of the adrenal arteries, thrombosis of the adrenal veins, 
traumatisms, etc. 

rATHOUENTcsTs AND Symptomatolody. — While older in- 
vestigators, including Klebs, A'^irchow, and lleuschen, considered 
these growths as retention (Tsts similar to tiiose formed in the 
thyroid, and thus termed them ^^struma adrenalis,” the prevail- 
ing view at the present time is that a small luematoma or an 
acute congestive process initiates the growth. As the latter 
increases in size, the adrenal structure is gradually destroyed 
and the contents is no longer — ^unless a recent luemorrhage has 
occurred — merely blood, but a more or less fluid magma of 
detritus, broken-down blood- and tissue- cells, flakes of fibrin, 
cholosterin crystals, etc., which may be dirty yellow, greenish, or 
brownish in color. Microscopically the walls of the cyst, which 
vary from Yxq to % inch in thickness, are composed of fibrous 
tissue; the inner aspect shows shreds or remnants of the adrenal 
cortex. Certain thickened jx)rtions of the capsule and what 
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semiorganized clots the cyst may contain may he found to con- 
tain small cysts and chalky deposits. These growths sometimes 
become very large — as large as an adult head in a case ot 
Chiari’s — and contain several pints of blood or liquelicd blood 
and tissue elements. 

The symptomatology of adrenal hicmatoma introduces but 
little, if anything, of the sym])tom-coinple\ of adrenal insnili- 
ciency (hypoadrenia) or ovcractivity (hyperadronia), since tlie 
functions of the organs are not alfccted materially — otherwise 
than by pressure in some instances — owing to tin* amj>U‘ margin 
(eleven times the actual needs of adnuial tissue) left undis- 
turbed. Adrenal hamiatoma may, in fad, giv(‘ ris(* to no sym])- 
tom other perhaps than a sensation of weight, until (jiiilo large, 
when pain supervenes. This is at first imhdiniie, thongli most 
marked in the region of the tumor, in the right or left loin, or 
in the upper portion of the abdomen and loin. Tin* lumralgia- 
like pain due to pressure upon the adjoining sym pathetic plexuses 
becomes inc^ea^singly severe, and radiates in various directions, 
especially toward the hip and thigli of the corresponding side, 
and is subject to exacerbations, wliicli may be very severe, 
especially after meals. Epigastric pain and vomiting (the latter 
of which affords relief) occur in some eases, especially during 
these exacerbations of suffering. 

Tlie tumor may manifest itself, at first, merely l)y enlarge- 
ment of the abdomen. Tlie bulging then l)ecoincs more clearly 
defined on one side or the other (this variety of growth being 
almost invariably unilateral) under the lower ribs, which may 
be pushed outward if the growth is sullicieutly large, or below 
their free border, i.e., between tliem and the superior spine of 
tlie ilium. If the tumor, which grows downward and forward, 
is sufficiently below the ribs to be ])alpated, it is usually found 
globular, or oval, smooth and tense, though elastic, to the touch. 
Fluctuation may also be elicited. In some casc*s it is immovable 
under palpation, though it may, at first, follow the respiratory 
movements. ISTor can it be grasped as is sometimes ])ossible in 
rcmal tumors; if small the tumor is movable either upward or 
downward, but this mobility gradually decreases as the tumor 
develops. The growth is sometimes sensitive under pressure. 

At first, several years perliaps, the patient may appear 
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normal in every other respect, be well nourished, ruddy, etc. 
With companitive suddenness, however, lie begins to fail, losing 
flesh rapidly, all the other symptoms mentioned, to which 
dyspnoea and a sense of constriction about the chest is added, 
becoming more severe. If the cyst does not rupture, polyuria, 
haematiiria, and even slight bronzing may appear. It is probable, 
however, that this train of phenomena is witnessed only in a very 
small proportion of cases, nipturc and haanorrhage, constituting 
the ^^adrcnal haemorrhage” in adults treated under the preceding 
heading, being the outcome in practically every instance. Here, 
however, the rupture is extenial, giving rise to peritoneal mani- 
festations — if these have sutlicient time to develop at all. 

l)iA(jNOSis. — The S 3 miptomatology of adrenal cyst apart 
from the location of the tumor do(‘s not present, as just shown, 
very chara(‘teristic features. The location of the pain sometimes 
suggests intercoslal neuralgia; but, inasmuch as pain occurs 
only wlum the growth is large, percussion and palpation will 
reveal the presence of a tumor. In neuralgia the pain is also 
apt to be localized, thus distinguishing it from the radiating 
pain of adrenal cyst. 4die sudden onset of severe pain may bo 
taken for a(*ute ])ancreatitis. Tlu? location of j)aiii and tender- 
ness in the upper left abdominal quadrant, the subnormal 
temperature, and the early lethal trend — death occurring some- 
times within three days — clearly point to the latter disease. 
Pancreatic cyst is also dilferentiated by its location and its asso- 
ciation with glycosuria, stearrluea, and imperfect digestion of 
fats and albuminoids. Tlvdatid cyst of the liver, another source 
of confusion, is attended ])y the presence of biliary pigments *in 
the urine, tlie appearance of cysts in the stools and vomited 
matter, and with obstruction phenomena. Cancer of the spleen 
may be recognized by the more nodular outline of the growth 
and the cachectic phenomena. H^^datid cyst of the spleen is 
usually associated with hydatid evsts elsewhere and may be ac- 
com})anie(l by the presem^e of hooklets in the excretions. Punc- 
ture of the growth should be carefully avoided when there is 
any suspicion whatever that an adrenal blood-cyst is present. 
Eenal cysts are more easily palpated bimanually, and are usually 
freely movable. 

The sudden appearance of symptoms of severe internal 
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haemorrhage (the adrenal hannorrliagic cyst having riipliirod 
into Uie peritoneal cavity or the suhperitoiieal eellvilar tissue), 
i.e., the acute abdominal pain and otlier phenomena of coiiapse, 
etc., of adrenal liamorrhagc with deatli witliin a i’vw liours 
or days, may lirst reveal the existence of adrenal hivmatoma : hut 
in most cases it develops siifliciently to produce the pressure 
symptoms just described. 

Proonosis. — The fact that adrenal luemorrhage is piju- 
tically always unilateral, and that the loss of one adrenal does 
not compromise life, as does removal of both organs, niala's it 
possible to remove the growtli with saftdy. Tl)e fr(‘(|U('nt 
instances of severe collapse and shock that have followed these 
operations suggest that the oj)erative ])n)gnosis cannot hut hi* 
improved by resorting to those surgical ])rocedures which will 
entail the least possible handling of the intra])eriton(‘al organs 
and of the sympathetic ganglia, all of which are well known to 
produce shock readily by reflex action. 

Treatment. — The cyst may be removed through (dtluT an 
abdominal or lumbar incision. In accord with MTk)sh's advice, 
which a review of the operative results re(‘orded fully sustains, 
preference should be given to the lumbar incision, 'rhe ap- 
proach is more direct; it avoids the handling of the intraperi- 
toneal organs, which must necessarily take place if tlu* tumor 
be reached through the abdominal inidsion, and it athn’ds the 
most direct route for drainage. In the average case, an ohiifjue 
incision from behind downward and forward below the last rib, 
which has been found most convenient for extirpation of the 
kidney and ureter, is as applicable here. If much space is 
needed it is safer to remove the last rib than, as some hlui'opean 
surgeons have advised, to resort to the abdominal incision, which, 
as previously stated, entails considerable shock. Tlie tumor is 
sometimes found so firmly adherent to the kidney that removal 
of this organ becomes necessary. 

TIYPKRNEPHIIOMA. 

This name has been given to tumors formerly con.sidered 
as lipomata, adenomata, or myxomata, but shown l)v draw it/, in 
1883, to be developed from adrenal tissue, cither within the 
adrenals themselves or in the kidneys, the walls of blood-vessels. 
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or other structures in which ^^arlrcnal rests’^ (fragments of mis- 
placed adrenal tissue) or ^^aberrant adrenals” occur. 

From my viewpoint, these so-called ^^idrenal rests” — ^found 
in 90 per cent, of all autopsies by Bayard Holmes, at least once 
a week by Grawitz in his autopsies, etc. — are not misplaced 
fragments of adrenal tissue; they belong normally to the kidney 
and many otlier organs, notwithstanding their histological char- 
acters. I have advan(‘ed tlie view"-*"’ tliat what has been termed 
the internal secretion of tlie kidney is a product which differs 
in no way from that of the adrenals, aiuP^” that the. kidney and 
the adrenals w('re goveiaied by the same nervous structures, 
being tlius ('losely linked functionally. Tinder the influence of 
centric impulses ibo so-call(‘d adrenal rests and the adrenals are 
both caused to incn'ase their secretory activity and to enhance 
the intrinsic metabolism of the tissues they supply. On the 
whole, I regard tlu^ ^^adrenal r(‘sts” as local aggregates of the 
chromaffin substance found in all sympathetic stmetures by 
T\ohn, \Vies(‘l,““^ and others. 

ITypernejdiromas are relatively common in the kidney, con- 
stituting, as shown by Albarran and Joiibert, 17 |)er cent, of all 
renal tumors; they arc much l(?ss freijuently found in the 
adrenals propi‘r or in other organs, such as the uterus, ovary, 
the broad ligament, ('ti‘. Microscopically, they ])resent tlie typi- 
cal characters of tlie adrcmal ('ort(^\ and closely, as a rule, invest 
vascular channels. I'hese vessels and adjacent tissues usually 
contain a colloid material similar to that found in the thyroid, 
or secreted by the adrenals. They are benign at first and 
become troublesome — sometimes aftm* many years — mainly on 
account of their size, Avhich sometimes reaches that of a chikTs 
head, but the pressure they exert on surrounding structures, 
their tendcTuy, even when benign, to metastasize in the lungs, 
bones, brain, give them their malignancy. 

pA'riiooENKSTs AND SvM cTOAi ATOLOOY. — Before the local 
symptoms of the tumor appear — when any are clearly discerni- 
ble — ^liypernephroma evokes phenomena which are diametrically 
opposed to those of Addison’s disease, and which correspond 
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with increased nutrition and stimulation of growth such ns that 
produced by thyroid preparations in cretinism. 

The symptomatology varies considerably in dilferont cases 
and suggests tliat several types exist wliich our ])resent knowl- 
edge does not enable us To discriminate. Some oT these (vxhihii 
such malignancy that they have been grouped in a separaii* 
class. Beginning with liyjxmiephromas of the adrenals proj)er, 
we may have: — 

MaU<jnant Hypernephroma of ihe Adrenals. — TWia growth 
occurs as a rule between the first and eighth yi^ar, especially in 
girls of the latter age, and causes premature (hni'lopment, so 
marked in some instances that the child app(*ars, as to si/e and 
development, twit'O or tliree limes its tnie age*. Owen Bichards-**^ 
re])orted a case in a girl of 7 years, who was as tall as a ])erson 
at 20. The face, genitalia and ])ubis, and someiimes tlu* whole 
body are covered with an abundant growth ot liaii;, the (*.\ternal 
genitalia being as fully developed as in tlui adult, ddie body is 
obese, the appetile and thirst excessive although gastric disorders, 
including stidiborn vomiting, are common. The skin may he 
swarthy or dark-hued as in a brunetie, or coj)])ery. The voi(*o 
is sometimes harsh and deep. Such child r(‘ii ari* usually cross 
and sullen, unlike olxuse children in whom the obesity is due 
to deficient fat cataliolism. These primary growths of the 
adrenals, which are usually obs(*rv(‘d in girls, ar(* of slow develo])- 
meiit, and yeai's usually ela])se before metastasis and pn^ssiiro 
phenomena — those which give the growth its maligmancy 
appear. 

The abnormal growth of the child may suggest gigantism 
or acromegaly due to some disorder ot the pituitary bodv, but 
the characteristic growth of the extremities, the absence of 
obesity in these disorders do not occur in hy])ernc])hroma. 

To explain tlie abnormal growth, we ne(*d not go beyoml 
my own view’ that the adrenal secretion underl\ing geneial 
oxidation, metabolism and nutrition, excessive functional actiN- 
ity of the adrenals engenders excessive nutrition and overgiowth. 
But how account for the malignancy of this form of growth 
To answer this w'ould bring us xvithin the domain of pure 
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speculation. It is preferable to limit ourselves to clinical facts, 
pending future developments. 

Infants and young children are also subject to a form of 
primary malignant tumor of the adrenals, described by Hutchi- 
son, in which, even before the neoplasm, wliich grows with great 
rapidity, can be felt in the renal region, there appears a sponta- 
neous — sometimes traumatic — (‘cchymosis of one or both eyelids, 
soon followed by (usually unilateral) exophthalmos and metas- 
tasis in tlie skull, and often in other bones, especially the ribs, 
’'rile preauricular Ivmidi-nodes and those behind the angle of 
the jaw are enlarg('d, and the whole temporal region eventually 
bei'omes the seat of a malignant growth. Pain in tliis location 
and optic neurilis with amblyopia may complicate the case. 
Death occurs eaily from amemia and cachexia. Of the 14 
(‘xamph's reported, 13 were due to sarcoma or lymjdiosarcoma 
of the adrenals. 

Diaonosts. — Tumor of the orbit in infants and young chil- 
dren should, as ('inphasized by Tileston and \Volbach,'“'‘* arouse 
the suspicion of inetastases from an adrenal growth. If an 
al)dominal tumor be found it is almost certainly of adrenal 
origin, and this would be still further corroborated by enlarge- 
ment of the preauri(‘ular glands, which renders the diagnosis of 
sarcoma of the orbit unlikely, (ddoroma presents almost identi- 
cal growths, being associated with tumors of the orbit in two- 
thirds of tlie cases, with e\o])hthalmos usually as the first symp- 
tom, but this may be excluded in the al)sence of leukaunic changes 
in the blood. iMycdoma may cause bony growths about the skull, 
l)ut is (‘\C(‘edingly rare in childhood; the presence of the Bence- 
Jones body in the urine would render tlie diagnosis of myeloma 
certaiiu wliile its absence is not conclusive. Abdominal tumor 
associated with pivcocious maturity is practically certain to be of 
adrenal origin, if tumors of the ovaries or a retained testis can 
be excluded. Garrow and Kennan*-^***^ observed a ease in which 
there was a solitary metastasis in the spinal cord. 

nypcrnephr()wa of the Kidney . — It is to renal growths 
developed from the so-called ^^ad renal rests” that Grawitz, in 
1883, gave the name ^fiiypernephroma.” They occur not only 
more frequently in the kidneys than elsewhere in the body, but 

Tileston and Wolbach: Amer. Jour. Med. ScL, June, 1908. 
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constitute a largo proportion of all renal tumors, t.r., 17 per 
cent. 

Hasmaturia is often the first and the most frequenth’ 
observed symptom of renal hyperncphiHuna, having luxai noted 
in -00 per cent, of all cases. The hoemorrhages are usually severe 
and occur intermittently, weeks and even months elapsing be- 
tween them. Worm-like clots — ^thus shaped during tlu‘ir passage 
through the ureters — are often passed. During the intervals the 
urine is either clear or it may contain red corpuseles. The 
hrematuria is increased by exen-ise and by mani])ulatiou of the 
region overlying the growths if the latier is suilieitadly large 
to be felt. It may be the only symjdom of the growth or 
precede the detection of tlie latter by palpation as much as ten 
years. As a rule, however, the tumor (whieli occurs in HO per 
cent, of all cases) is sulliciently large to he d(‘t(H t(Ml miu-h (‘arlier, 
and sometimes immediately after an attack of haauaturia. It is 
located in the loin, often on the rigid side ami two or three 
finger-breadths below the costal margin. It is at lirst small - 
about half the size of a walnut — and is movable in about one- 
half of tlie cases. As a rule, palpation causes no ])aiu at first, 
though it may prove tender when directly pr('ssed upon. 

Dull pain in Jhe lumbar region suggesting lumbago may 
be the initial symptom. This pain gradually increas(‘s ami, after 
being centered in the region of the growth, with a sensation of 
weight, increasingly radiates in various directions, the back, the 
abdomen, and the testicles. It may come on smldenly and last 
three or four hours, then be followed by liaunatnria and frcnjiient 
urination followed by a period of rest during wbieb the urine 
is slightly albuminous. The urine sometimes contains a few 
casts, oxalate of lime, and a few* corpuscles. During this })(*riod 
of rest a certain stiffness may be experienced on the side ol ihe 
tumor. Varicocele is frequently observed in these easels, on tlie 
same side as the focus of pain; it may develop simultaneous 
with the latter and disappear when tlie patient assumes the 
recumbent position. 

While periodical haematuria, a tumor and pain in the loca- 
tions mentioned are typical signs of renal hypernephroma, other 
phenomena may appear gradually as the morbid process advances. 
Most important among these are the metastases, which occa- 
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sionally occur as first signs of the disease. This is especially 
the case in bone metastasis, which may appear in the vertebra?, 
the ribs and other long bones, the skull, scapula, etc., Le., prac- 
tically any portion of the skeleton. Metastasis may also occur 
in various viscera, particularly the lungs, the consolidation in 
the latter suggesting the corresponding stage of plithisis. 

The arteries may be thickened and show clearly defined 
signs of arteriosclerosis, quite in contrast sometimes with the 
relative youth of the patient, and the blood-pressure be quite 
high. Tile skin is not ))ronzed in these cases, but yellowish and, 
sometimes, swarthy or smoky, this being replaced by pallor when 
the end is near. Tlie temperature may be raised, but this rarely 
exceeds 1° or 2° F. 

An impoitant feature in this connection is that bronzing is 
a characteristic of inmfjieiency of the adrenals, as in Addison’s 
disease, wlu'ther due to degeneration, tuberculosis or malignant 
tumor of tliese organs or of their nerve supply. In hyperneph- 
roma, on tli(? contrary, we liave an addition of adrenal sub- 
stance to the circulation through the secretory activity of the 
adrenal rests, as sliown by the familiar results of adrenal over- 
activity cnumeratcMl — liigh blood-])ressiire and aii;erioscIerosis. 
The icterus or swarthiness here is due, from iny viewpoint, to the 
continuously higli l)lood-pressure whicli causes tlie cutaneous 
capillaries to bec'ome hypenemic and to expose an increased 
quantity of the adrenal principle — the component of melanin 
(we have seen in the early ]K)rtion of tliis cliapter that melanin 
is the adrenal ])rinci])le) to oxidation. The stage of bronzing 
is not reached, because tlie pigment is not de])Osited in the cuta- 
neous tissues, as it is in Addison’s disease, but merely supplied 
to them in excess. 

The duration of the disease varies from fifteen weeks to 
eight years. The patient gradually loses flesh and grows weaker, 
all the xsymptoms become aggravated, lia3maturia becoming prom- 
inent and causing marked secondary anaemia; moderate oedema 
of the lower limbs may appear mainly as a result of pressure 
on some large venous trunk, and delirium sometimes precedes 
tlie terminal coma. 

Diagnosis. — The pain in the region of the affected kidney, 
tlie luvmaturia accompanied by frequent urination, and the local- 
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ized tumor are tlie chief tlia<^nostic points ainonj^ those previously 
enujnemted, but other features may serve to faeililate tlui diag- 
nosis. Gelle pointed out that fra^nents of the tumor, uliich 
is Yory friable and often dissociated durin^^ h5emorrlia«xes, could 
be found in the clots ]>assed with ilie urine. The cells ])reserv(j 
their cliaractcrs and staining properties. As to diagnosis of tlie 
tumor itself after removal, Croftan found (1) that a vaterv 
extract of fresh hypernepliroma, in keeping with adrenalin ami 
adrenal extracts, 2 )rovoked glycosuria when in jectiMl intlu*rahhit ; 
(2) that a jnire starch solution to which the watery extract of 
hy{)ernep]ir()rna was added contained an apiu’cciahle ((uantitv of 
dextrose, and (2) that the watery extract also possessis tiu* 
poxver to decolorize an iodine starch solution. Hiese simph* 
tests make it ];)ossihle to dilferentiate hv|)(‘rnep!ii*omata from 
other tumors of the kidney. This is iin]>ortant, sim e ihe ])ost- 
operative jjrognosis of hyj)ornephroina is much more favorable 
than that of any other malignant tumor of the kidney. A high 
blood-pressure tends greatly to insure the diagnosis. 

Various disorders may bo simulated l>y hypernephroma, 
prominent among which is urinary calculus, in this comuMdion 
the pain is coiiuddent with tlu^ ha*moi rhag(‘, while in liyiMU*- 
ne|)hroma the pain continues aft(‘r tlu^ lattm*, thougli grt^ally vo- 
lieved. The vermicular and cylindrical sha])e of the clots in 
hypernephroina is also suggestive. (’ystos(‘t)j)ic examination at 
this time often reveals these clots ]>roj(‘(ding from the unde*:* of 
the diseased kidney, whose tumor can also, in soim^ instances, lx* 
discerned under X-ray examination. Pregnancy is soimdinu's 
suggested when the growth projects anteriorly, esp(‘c.ially in view 
of the fact that ainenorrhcea sometimes precedes the al)dominal 
enlargement. 

Hypernephroma may be mistaken for enlarged sj)leen. 
The latter is usually nearer the surface and its mohility on 
inspiration more marked. It is located on the left side, whereas 
hypernephroma, in most instances, occurs on llie right side. 
Catheterization of the ureters may serve to indicate, between 
the periods of ha?maturia, which of the two kidneys is most im- 
paired functionally. The blood count affords little if any 
information, any diminution of red corpuscles — soTrietimes to 
an extreme degree — being readily accounted for by luematuria. 
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Moderate leuc-oeytosis occurs in some cases, but not with suffi- 
cient frequency to give this sign any diagnostic importance. 

In some cases the symptoms and physical signs other than 
luernaturia aflord but Jittle help to establish the identity of the 
tumor, either anteriorly or posteriorly. In that case, the absence 
of pregnancy being clearly established, an exploratory incision 
followed immediately, if liypernejihroma be present, by its 
radical removal, is indicated. 

Pathology. — Hypernephroma is usually located in the 
upper pole of the kidney, immediately, therefore, under the 
adrenals. When found early in life at autopsies it may be no 
larger than a lentil or even smaller, but it may attain the size of 
a child’s head, growing outwardly or, in some cases, inwardly 
at the expense of the renal tissues. These growths reproduce 
more or less perfectly the adrenal tissue, the smaller growths 
being made iij), as a rule, of the cortex, and the larger of both 
the cortical and the medullary substance. They are firm when 
small, but when they attain a certain size their tendency is to 
become lobulated, the projecting masses becoming softer and 
cyst-like. They are lobulatod owing to the fibrous bands derived 
from the renal capside, and the lobule's when opened may be 
yellowish, gi'ayish red, or brown or blackish, and contain Inemor- 
rhagic areas — the source of the blood which causes haunaturia. 

The larger growths are those which tend to become malig- 
nant and to produce inctastases. These occur through the blood- 
vessels, l)oth the arteries and veins; the bones and lungs, as 
])reviously stated, are the structures most frequently invaded, 
thougli, oc('asionally, extension occurs by the lymphatics, includ- 
ing the retix)peritoneal glands. 

Microsco])ically, they usually show a scJinty stroma composed 
of vascularized connective tissue in columns and a parenchyma 
formed of cndotlielial polygonal or columnar, translucent nu- 
cleated cells which differ entirely from those of the renal 
epithelium. The cytoplasm is granular and contains, besides 
detritus anfl giant-cells, numerous fat-laden vacuoles. It is the 
presence ot considerable fat thus disposed which first caused 
these tumors to be regarded as lipomata. The fat contains 
lecithin. IJlycogen is also present; sometimes in relatively large 
quantities. 
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Prognosis. — As a rule, li\ perneplirornatii slowly at 

first, months and even years elapsing l)eroro ihey metastasize or 
show other signs of nialignaney. Tliej^ may then i)rogr(‘ss very 
rapidly and, the luematuria lieeoniing eoutimious, (i(‘ath oeears 
from exhaustion. 

When the growth is thoroughly removed Iiofore this stage 
of malignancy is reached, it shows no tendency to recur. 

Trmvtm FNT.' — A ll exploratory iiU'ision is warranii'd, as 
previously stated, when an almornial growth in tlie a])dom(‘n or 
in the region of the kidney occurs coincidently with !i;emor- 
rliage, even when other symptoms of hypcuMiephroma ari' not 
])r('sent. The majority of authorities consi^lm* this jirocedun* 
advisable, even when laemorrhage into ilu' l)hulder cannot he 
accounted for. Jn some cases discomrort or tension over om* 
kidney, and deep coni])arative ])alpation on hoth sides may sug- 
gest which side should he explored lirst, but if this unilatm’al 
examination fails to indicate the presence* of a growth explora- 
tion of the other kidney is justitiahh*. In some instances, th(‘ 
organ is merely enlargc'd, especially toward the* upp(*r poh*, or at, 
the hiluin. Itemoval of the growth may he perrorimal extra- 
jieritoneally through a lunihar incision. 1die fatty (apsuh? 
should, according to Kuzin ik, la* remov(*d along with the* growtii, 
as it may be intiltrated and tluis lead to j*(‘currenee. 

CANCER OF THE ADRENALS. 

Primary malignant tumors of the adrenals are generally 
regarded as rare, hut it is j)robal)le tliat when tii(? symjitoma- 
tology of these growths will he known i)y tiie pn)r(?ssion at largo* 
instead of, as at present, by very few of its members many 
deaths now attributed to zVddisoifs disease in adults and to 
asthenic disorders in children will be found to be due to this 
class of growths. Addison, in fact^ included these neoplasms 
among the etiological factors of the disease whi(di l)(*ars his 
name, but it is now plain that the two syndromes differ in many 
respects, and that tlie treatments indicated — medical in th(^ one, 
and surgical in the other — impose the need of recf)gnizing 
malignant neoplasms of the adrenals as distinct morbid entities. 

A^auikties. — Primary malignant tumors of the adrenals are 
of the various forms of sarcoma those most frequently met wdth 
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and whieli occur, in the majority of* instances, in infancy, child- 
hood, and adolcs(!cnco ; carcino'tna which occairs, as a rule, in 
adults or aged subjects. ^ Among the rarer varieties may be 
mentioned the nuilifjnant kypernephroina and a class of tumors 
termed by rriulden lumiorrhaglc adenoma, i.e,, the growtlis 
reviewed under the preceding heading. They appear mucli 
earlier in females tiian in males. 

While 24 cases of malignant growths collected by Itolleston 
and Marks included 15 of sarcoma and !) of carcinoma, 07 col- 
lected by Ilamsay included 30 of sarcoma and 37 of carcinoma. 
This tends to suggest that the two forms occur about evenly. 

SyjMctoms. — As a rule, the general ])henomena develop 
insidiously, the adrenal l(‘sion being well advaiu'cd when they 
begin to appear. The strc'iigth wanes more or less rapidly; the 
weight gradually dec'reases ; the pulse and cardiac action become 
increasingly w(‘aker and more rapid; the temperature sliovvs 
exacerbation of a cou|)le of degrees at limes, but the advanced 
cases are usually subnormal ; the aj)petite decreases; digestive dis- 
turbances, siu'li as nausea, vomiting, ilatulence, and diarrheea, 
are commonly observed. Aiuemia is sometimes manifest, the 
luemoglobin being often r(‘duced to 50 p(‘r cent., and the red 
corpuscles to 3,000,000 or less, fough, with bronchial rfiles, 
localized tlullness, and luemoptysis, are occasional com|)lications, 
while dyspmea and increase of the number of res[)i rations are 
apt to occur in advanced cases. The skin may reiiiain normal, 
but various degrees of ])igmentation, ranging from slight icterus 
lo actual bronzing, are observed in the majority of cases. 44ie 
typical facies may alone be present in cases of primary 
carcinoma. 

This symptomatology is based on an analysis of 60 reported 
cases of primary malignant tumors of the adrenals. The 
phenomena are clearly explained by the functions 1 attribute to 
the adrenals. Being the purveyors of the secretion which — as 
the albuminous constituent of luemogloliin — sustains oxygena- 
tion and metabolism and therefore nutrition, increasing emacia- 
tion, weakness, hypothermia, the decrease of luemoglobin, etc., 
arc but normal results, all the other phenoma being secondary 
thereto. The cases in which no pigmentation of the skin occurs 
are usually those in which but one adrenal is involved. 
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All tlicso plionoRU'iia arc seldom witnessed in a simple e.ise. 
As a rule, alter a period of progressive emaeialion and adynamia, 
a tumor can be detected bv palpation posteriorly lu‘low tlu* 
costal margin, close to the vertebral column. dMie mass at first 
follows the res])irat-ory movements and reeciKs undiM- jn-essurt*, 
but it eventually becomes fixed and immovable. In some eases, 
especially in infants, the tumor cannot lie detected in this 
manner, but the abdomen gradually (*nlarg('s with a sti'atlv in- 
crease of tlie line of dullness, though perhajis no oiluu* symptom 
be discernil)le. When the outline of the growth can i)e clearlv 
followed with tin* lingers, its border is not nodular as in h(‘pati(' 
cancer, but smooth. 

Pain is sometimes complained of; it may be located in the 
region of the tumor; or, radiating ujiward j>r across tlu‘ back, it 
may extend to the shoulders. The pain has Ixhmi attributed t<> 
the phrenic nerve, but a clearer explanation is tlie ellVct of tht‘ 
traction by the tumor, upon tlu; sympatludit* ganglia and tlirough 
the greater splanchnic, upon the sym|)athetic chain, which is 
merged in with the mass of nerves, incliuling the brac'hial jilexus, 
in the tissues of the shoulders. 

Pressure symptoms are apt to complicate a case of long 
duration. Ascites, general (edema, or (cdmna of the ankh's or 
legs are commonly ol)S(*rved in such cas(‘s, dui‘ notably in most 
instancies to jiressure u|)on the inferior vema cava, (langrene of 
the feet has also bcum observed. In carcinoma, metastasis is 
most ('ommon in the liven and lungs; in sarcoma it is not quite 
as frecpient and (K*curs in most case's in the livc'r and kidney. 

Death may occur suddenly, prec'cnlcMl by very few of tlu? 
above symptoms, especially the sarcomata of infants. In tlu* 
majority, however, esjK'cially in adults, the morbid sympb)ms 
gradually develop and the astJienia iiuneases until unconscious- 
ness, labored breathing, and coma tcvrininatc? in death. 

Infants may also suffer from a congenital tyj»e of adr(*nal 
tumor which simultaneously invades the' liver. It is encounter(*d 
as a congenital tumor, during the first wec'ks of life. 'I he ab- 
domen becomes increasingly distended; tl»ere is moderate* emacia- 
tion, but no jaundice, pigmentation, ascites, or even pain, tlu* 
child nursing almost up to the time of death. AV illiam Pepper‘d®* 


Pepper: Amcr. Jour. Med. Sci., Mar., 1901. 
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(|(?scribed a scries of 6 cases, including a personal case, showing 
that congenital sarcoma of the adrenals and liver constitutes a 
s])ecial type of malignant disease with its own peculiar symptoms 
and pathological tindings: Swelling of the abdomen occurred 
within a ])eriod ranging from biiih to five weeks, tlius indicating 
the congenital nature. 44ie infants lived from one to sixteen 
weeks, tlius showing great malignancy. 44ie increase of growth 
(*ould be disijerned from day to day, thus illustrating rapid 
development. ;\11 were females. Tlie entire normal liver struc- 
ture was pra('ti('ally destroyed in all. The suprarenal growth 
exliibited the [veculiaritv of being very luemorrhagic. No other 
part of the body was involved by the new growth. 

JliAONosis. — Idle diagnosis of malignant tumor is not diffi- 
cult when the tumor is sufludently large to be discovered by 
palpation, esjiecially when para‘sl.hcsia over the kidne 3 ^s. ddiis 
and the asthenic plicnomena iK)int (dearly to the adrenals, 
especially if jaundice or any pigmentation of the skin be present. 
Unfortunately the jjiorbid j)roc(‘SS is far advaiUTHl as a rule wlien 
tliese signs app(*ar. The tumor has I)e(m mistaken for psoitis 
and absc(‘ss and phrenic abscess. From hepatic cancer it differs 
in that the surface of the tumor is smootli instead of lobulated. 
Of course the possibilij.y of metastasis in the liver, its most ITe- 
qiKUit seat, must be borne in mind. Hydatid cyst may be sug- 
g(\sted, but the abseru'e of the hydatid thrill and otluu* typical 
symptoms will avoid error. A projecting and enlarged gall- 
bladder is sometimes simulated by an adrenal tamor capable of 
displacing the intestines anteriorly; but the latter are mueh less 
tense tlian sncli a gall-bladder. Abdominal aneurism may be 
suggested, but the absence of aneurismal bruit and the absence 
of all other signs of adrenal growth eliminate this source of 
error. In renal cancer or renal liyperne{)hroma, hmmaturia and 
other evidences of renal disorder are usually present, while they 
are more likely to be absent in malignant growths of the adrenals. 
Fain occurs earlier than in renal tumors, while febrile disturb- 
ance is rave in the latter. 

Two symptoms, according to Israel point to involvement 
of the su 5 )viu*cnal gland: («) Paroxysms of pain and parsesthe- 
sias in the absence of a ])alpable tumor, and (6) a febrile course. 

Israel: Deut. med. Woch., No. 44, 1906. 
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The painful paroxysms in renal jIs well as suprarenal tumoi-s 
are due to the extcmsioii of the neoplasm to the roots of tlie 
lumbar plexus. In suprarenal tumors this may oetair (piite 
early owing to the immediati^ vieinity of these striu'tures. On 
the other hajid^ in renal tumors the invasion of the capsule 
usually takes place at a late period when tiie growth has reach(‘d 
so considerable a, size as to become palpable. The fat^t that feviM* 
occurs in cases of suprarenal tumors lias hitherto been unknown. 
Israel observed it In 57 per cent, of his cases, while in n*nal 
tumors it was present only in 1 to 2 per ceait. 

Another aj^parently characteristic fact in dilViu-mii iating 
from renal tumor is that the adrenal growth tends to a|)proaeli 
more nearly the median line (in the region from tin* seventh to 
the ninth costal cartilages), while the primary tumor of the 
kidney appears first in the region from th(‘ ninth to tin* (‘I(‘venth. 
Tumor of the adrenal at the time of its pn^sentation bcMU'atli tlie 
margin of the ribs ap])ears broader than do(*s that of tumor of 
the kidney, and the lower contour of the tumor of the adrenal 
is much less rounded than is that of the kidmw. 

The emphasis laid by Israel on the ])res(‘n<*e of fever in 
adrenal malignant neoi)lasms atVords striking proi)f of llu; cor- 
rectness of my contention, urged ever since IDOo, that the 
adrenals, through the role of their secretion in oxidation and 
metabolism, were the active organs in fever — a process which 
pathologists have failed to explain. 

Leucocythernia is sometimes simulated; but the absence of 
myelocytes and other characteristics soon eliminate this disease. 

Eechymosis of the orbit of unaccountabh* origin in infants 
and young children or tumor of the orbit should cause careful 
search for manifestations of malignant tumors of the adrenals, 
as previously stated. 

Treatment. — Eemoval is the only resource, but as a rule 
the result is unsatisfactory owing to the fact that the presence 
of the growth is recognized only through met:istasis; or when it 
has developed to a marked extent, and produced either through 
metastasis, pressure, etc., disorders in other parts of the organism 
which cannot be reached. 

Cases in which the tumor involves one adrenal only, as sug- 
gested by the absence of symptoms of adrenal insufficiency, 



142 


FUNCTIONS AND DISEASES OF THE ADRENALS. 


marked asthenia, emaciation, hypothermia, etc., and the presence 
of a tumor and hyperajsthesia on one side only, offer a better 
chance of success, since they indicate that the other adrenal will 
probably be able to subserve alone the needs of the organism. 
The chief difTicvilty encountered in the course of the operation 
is a marked tendency to hasmorrhage owing to tlie friability of 
the morbid tissues. 



CHAPTEE III. 


THE THYEOPAEATII VIE)1I) APPAEATTTS IN GEN- 
EEAL OXIDATION AND IMMUNITY. 

We can no longer speak of the thyroid gland as a riinetional 
entity. The two external ])arathyroid glandules, diseoven'd in 
1880 hy a Swedish physician, Sandslrdin, and the two iiUernal 
parathyroid glandules, discovered by Nic<dasd of Nancy, in 
1808, and independently by Kohn,- of Prague, in 1805, intro- 
duced a new era in our ('onception of this organ. Foreign 
investigators, therefore, tend increasingly to ado])t the term 
“thyroparatiiyroid a])paratus'’ owing mainly to llu; anatomical 
relationsliip betwetm the g!andul(‘s and th(‘ thyroid V(‘ss(‘ls, with 
which tlieir own circulation is directly connect(‘d. W(* shall see, 
however, that many physiological facts, the first of whi(!h were; 
pointed out by Glev, of Paris, in 180‘3, and clinical obscu’vations 
warrant the use of this compound term. 

PREVAILING VGEWS AS TO THE FFN( TIONS OF THE 
THYROin AND PARATHYROIDS. 

In 1859, Shiff, of Geneva, found experimentally that re- 
moval of the thyroid gland in the dog caused violent nervous 
disorders and death. Two surgeons of the same city, the 
brothers J. ]j. and A. h’everdin, then j)oirited out (1882) that 
in certain goitrous subj(*cts, and after the computer nuuoval 
of goiter in otherwise normal subjet'ts, there also appeared 
marked trophic and nervous disturbances. 'This was conlirmed 
the following year by another Swiss surgefm, Kocher. The 
principal pc^stoperative phenomena noted were: marked w(?akness 
and fatigue, a sensation of cold, pallor, muscular stiffness, and 
pains; oedematous thickening and pallor, hardness and dryness 
of the skin, the normal folds being more or less effaced, and loss 
of hair. 'The main nervous and mental phenomena w' ere : tetany, 
sometimes attaining the violence of true tetanus and passing into 

1 Nicolas: Bull, de la Soc. des Scl. dc Nancy, vol. v. p. 13. May 3 
>Kohn; Archly f. mlkrosk. Anat., Bd. xUv. S. :m, 1895. 

( 143 ) 
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clonic convulsions. 1'lic intelligonco was also diminishecl^ with 
slow intellocition and enuncaatioii as icharacturistic features. 
Paroxysms of suffocation, vertigo, syncope occurred, followed by 
death within a period varying from four to nine days in the 
vast majority of cases, the fatal ending being sometimes delayed 
two or three weeks Ixwond this period. 

The brothers Jteverdin termed this condition postoperative 
myxwdeina, while Koc'lier called it cachexia strumipriva. The 
term uiyxwdcma had already been attributed (1877) by Ord to 
the, now familiar, disease of which thyroid insulTieiency is the 
predominating pathogenic factor, and which Sir William Gull 
had, in 187d, called “a cretinoid change.’’ 

'^rhe same ])henomena were observed in the monkey by 
Horsley, in 188"). '^I'his observer and many others also found 
that the symptoms were most severe in carnivorous animals; 
somewhat less so in man and in the monkey; still less so in 
ruminants and undulates, and that they failed to occur in birds 
and rodents. Hut tlu'se experimental dissimilarities were to a 
great extent ol)! iterated by the subseipient experiments of Gley, 
de Quervain, llofmeister, Edmunds, and others, which showed 
that the variations de))ended mainly upon the anatomical rela- 
tionship of the parathyroids and the thyroid. Thus Gley, of 
Paris, found, in 181)2, that in.- the rabbit two of the four para- 
thyroids w(‘re situated below the thyroid and were, therefore, 
not removc'd with ilu‘ thyroid; while in the dog, all four para- 
thyroids are so imbedded in the latter that it is only with great 
’care that tli(\v (-an he left in situ. 

Gley disc even'd another important fact: he showed that> 
while removal of the thyroid alone does not necessarily cause 
death, it was the removal of the four parathyroids which caused 
the nervous phenomena and the fatal ending. These observa- 
tions have been sustained by many investigators, who have 
gradually accounted for many phenomena attributable to each 
organ, as will he shown in the following pages. 

Jiemoval of the iky raid only, produces morbid phenomena 
the severity of which depends upon the age of the animal; the 
younger the animal, the greater are the morbid eflFects witnessed, 
though life itself is not neeessarily endangered. The animal 
fails to grow. The bones and epijihysial cartilages fail to 
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develop, the skull filone escaping; the abdomen projects and 
becomes larger, tliougli relatively flabby. Tlie testicles remain 
small and may fail to descend; the osaries are also, as a rule, 
atrophied. 

Sterility due to tlio non-formation of seimui lias been noled. 
Pregnant rabbits abort; hens ])rodu(*e vctv small eggs or none 
at all. The animal is apathetic, indifferent, dirty, awkward and 
apparently devoid of intelligence, and (|iiit(‘ recalls the luiman 
cretin. The skin is rough, coarse, and s(juamous, being, in some, 
considerably creased, as in the aged, and, in otbt‘rs, swollen, hard, 
and resistant, as in myxonlema. The hair becomes coarse and 
v^haggy, losing all luster, and tends to grow irr(‘gidarly and fall. 
Tile temperature, normal at tirst, steadily decreases until deatb, 
the respiratory, e.xcbanges and oxidation being diminished, the 
nitrogen excretion likewise showing, clearly, inhiliited imdab- 
olism. Amemia, with reduction of the red ('orpusch's, is 
marked. Paralysis and eonvnlsions may a])])t'ar, but, as a rnl(‘, 
the animal dies eachectu^ after a jirolonged p(‘riod, the di‘velop' 
nient of the trophic disorders being slow — two or three uu)nths 
in the most rapid cases — i.c., the youngest, ac(*ording to 
Jeandelize. 

As observed by (Hiarrin, and as will b(» shown lat(‘r in this 
chapter, removal of the thyroid reduces the resistance to infec- 
tions, and also, according to Tjindeniann, to intoxications. In 
man the postoperative phenomena., i.e., caclu‘xia slnimipriva, 
rarely appears before three or four months and occasionally 
after a year. The same vulnerability lo infections is also promi- 
nent and the sufferers are often. (*arrie<l away i)y an intercurrent 
infection, especially tuberculosis and piieuuionia. 

In full-grown suljjeets no marked pliysieal changes occur, 
but nutrition is nevertheless impaired, emaciation, amemia, 
coarseness of the skin, falling of hair, hypothermia, ami other 
manifestations of inyxcedema nuini Testing themselves. These 
phenomena are aggravated by prcjgnancy and lactation, l•(»peated 
pregnancy and prolonged laxrtation having in fact been found by 
Morvan to favor the development of myxmdema irrespective of 
thyroidectomy. 

On the whole, removal of the thyroid gland alone gives rise 
in the young: 1, to arrested growth especially marked in the 



14G 


THYHOr^ARATIIYROID APPARATUS. 


skeletal l)()nes and sexual organs; 2, to niyxcedeinatoiis thieken- 
iiig of the skin ; and d, to a low grade of intelligenee with 
general apathy — as niaiii inorhid plienoinena, constituting the 
syndromes recognized under the term cretinism ; wliile in the 
full grown it causes tlu^ condition known as myxoedema. 

lidmoral of the ]\irathi/rouls Only . — Uemoval of the thyroid 
and parathyroids causes early death, while removal of the 
thyroid alone, we have just seen, is followed by a prolonged 
])ostoperative life. It is to the removal of these diminutive 
organs, in fact, that all the nervous phenomena must be 
avSeribed. Even when the thyroid is left in situ, and the four 
parathyroids are removed, we witness a typical syndrome: 
''idle predominant feature of the syndrome is the tendency to 
sjiasm and convulsions wld(*h may range from tetany to violent 
tetanic or epileptic paroxysms, with foaming at the mouth, 
during vvhic'h the subject; may die, owing to spastic immobiliza- 
tion of the thoracic muscles. Eibrillary tremors, tetanic and 
choreic movements, sullicicjitly violent in some cases to throw 
the patient to the floor are also observed. As in sti’vchnine 
]>oisoning, the least c'onta('t i*vokes contractures and convulsions. 
Marked dyspmea, the dominant symptom in rabbits, and 
paroxysms of su (Vocation occ\ir both during and after the latter, 
d’he respirations are greatly accelerated, lOO to 200 times a 
minute in animals. Alfhough the iemjierature rises during the 
convulsive paroxysms, it goes down consideralily during the 
intervals, both the external and internal t(*mperature being 4° C. 
or more below normal and gradually receding as death ap- 
jiroaches. Oxygenation is deficieiit; the blood contains less 
oxygen ; the red corpuscles are reduced, though the polynuclear 
leuc*ocytes are increascul ; cyanosis is clearly shown in the 
rooster’s comb and in the monkey. The pulse, slowed during 
the intervals, becomes extremely rapid and tumultuous during 
the convulsions. Involvement of the alimentary canal is shown 
by ptyalism, fmtid breath, anorexia, the animal being also liable 
to spasm of the masseters when he attempts to take food, marked 
thirst, bilious and mucous vomiting, fmtid diarrhmal and bloody 
stools. Although the animal appears weak, somnobuit, and in- 
different to its surroundings, as a. rule, it is sometimes terror- 
stricken and agitated, and seems to suffer. Pruritus is an evident 
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symptom. The uriiui is groutly mluml ami abnormally toxic, 
especially during the convulsive and dyspiucic j)aroxysms; it is 
also markedly spasmogenic when iiijecUed into another animal. 
Albumin and glucose are often present; imlican likewise; the 
chlorides and the potassium salts are present in excess; the j)ig- 
ments and biliary salts likewise, tiiough their ratio lends grad- 
ually to lessen. Urea and phosphates are diminished. 

These morbid eifec'ts usually l)cgin about tw(Mity-i*our hours 
after rejnoval of all the parathyroids. In dogs, a single para- 
thyroid of; the four sullices in most instances to carry on their 
runctions, but even two of them will fail to do so in some 
animals, removal of the other pair being followed l)y tetany. 
Death usually occurs in from three to live days after I'l'inoval 
of all four organs ; though, rai(dy, it does not occur until much 
later, forty-five days in some instamns. The ])ossihility of sup- 
plementary organs is, of course, not to be ov(‘rloola*d under 
such circumstances. As many as six parathyroids hav(‘ been 
found at autopsies. A uerhaclr" recently found live in an infant, 
but only two iij o, aJid but one in <S. 4'hes(‘ D) children all 

showed a tendency to spasm. 

Dual t'unction Theory. — C.iley having shown tlu^ vasi im- 
portance of the parathyroids, he concludi‘d that theii’ j)urpose 
was to sup})lement the function of the thyroid. 4’he fa('l that 
the parathyroids Ijccame atropliied oil i*emoval of I he laltiU* 
seemed fully to sustain this view. Additional jn*o(>f was sihmii- 
ingly aiTorded by the continuation of life for soim? time aftiu* the 
same procedure, the parathyroids laung thus shown capable of 
carrying on the functions of llie thyroid iii(lc])cndcntly. 

Contrary to this co;ic!usion, however, was the fact, imted 
by Moussu and verilied by Cley and also Nicolas, (hat the para- 
thyroids, which became hypertrophied after rciiioval ol the 
thyroid, never assumed the liishdogical striudure of tin* la(h*r, 
but retained tlieir own. Moreover, as emphasized hv Moussu, in 
1893, experimental evidence pointed to tiie jiresencc of two 
.iunctions. This view was siisUiined by the discovery ot two 
investigators, Nicolas and Kohn, working independently, of the 
two additional parathyroids, two only having h(*cn described by 
L^indstrdm, as previously stated. I'hese two glands ,«iifhccd to 

•Auerbach: Jahrbuch ftir KinderheUkunde, B. Ixxxiil. Suppl., 1911. 
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nuliiitain life after tlie thyroid and parathyroid had been re- 
moved. Vassale and Ceiierali now obtained in the dog tlic 
complete eJtects of removal of the whole tliyroid apparatus by 
extirpating only tlie four parathyroids^ a result confirmed in 
the rabbit by l?ouxeau. Mous.su then sliowed that extirpation of 
the tliyroid alone was practically harmless in adult animals, but 
that in very young animals it was followed by experimental 
cretinism, while removal of the parathyroids gave rise to tlie 
nervous phenomena described in all animals, excepting, perliaps, 
the ox and horse. 

On the whole, the prevailing view is that the parathyroids 
are functionally inde])endent ot* the thyroid. \Vc shall see, how- 
ever, that many facts militate against this conclusion. 

ElJccis of the Internal i^ecrelion- of the Thyroid. — V^arious 
tlieories as to the manner in which the thyroid carries on its 
functions have been vouchsafed, but all liave succumbed to the 
view that the organ secrides some substance which finds its way 
into the blood, f.c., that it jiroduces an internal secretion. This 
was suggested a century ago by the experimental work of King, 
of London, who found that the colloid substance of the gland 
passed into the lymjihaties, an observation confirmed by Ilurtlile, 
Baber, Sir Viclor Horsley, and others. 

That the organ is a secreting one is shown by the fact tliat 
it can be transplanted or grafted from its normal site to other 
parts of the body. CJi’afting was first successfully performed by 
Schiir, and repeated by many other investigators, including von 
Eiselbcrg, but notably by Christiani, of Geneva. Very uncertain 
at fii'st, the nu'thod was, however, so pej’fected by the latter 
experiments that success now attends every operation. It consists 
in inserting not a whole lobe, as had been previously [iractised, 
but small fragments. After a time there is proiluced in dtu a 
nest, as it were, of typical thyroid tissue capable of carrying on 
the functions of the original gland. IVioreover, this tissue seems 
capable of doing by means of its secretion what the thyroid 
tissue j)roper cannot do, viz., to protect the animal against tetany, 
liouis TMorel'^'^ recommends intra peritoneal, intrasplenic and in- 
traosseous grafts as the most satisfactory. 

Again, extracts of the gland, the *gland itself, in its raw 

Louis Morel; Archives g6n6r. de chlrurgie, May, 1912. 
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state or desiceated, antagouizo the morbid elVeets of thyroidec- 
tomy. This was iirst shown by Vassale, who round that tlie 
intravenous injection oi‘ aqueous extract of thyroid controlled 
temporarily these jilienoniena. ':rhis exiieriment was the start- 
ing point of Murray's memorable introduction of the use of 
thyroid preparations in myxiedema in all its forms. In toxic 
doses^ thyroid extract was found by Ewahl, Fenwii*k, Ilaskovec, 
and many others to cause: rapid emaciation, marked vasodila- 
tion, a rapid pulse, diuresis, a('ct‘lerat ion of the lymi)hati(' cir- 
culation, hy|)othermia, polypmea, ])oly|)liagia, polydipsia, glyco- 
suria, excc'ssive (‘xt'ndion of nitrogenous waste's, soon followed 
by extreme depression, anorexia, vomiting, loss of rellexes, 
paralyses, convulsions, and death — all plumomena which may 
be evoked in man by injudicious thyroid implication. 

A feature worth retaining, in vimv of conclusii)ns to he 
submitted later, is that many observers, including Treupi‘1, Ord, 
and V"er Ecke, have laid stress U])on the correlation of the 
thyroid fumdions with general nutrition. Not only is there 
increased elimination of nitrogenous and other tissu(‘ wastes, 
but, as emt)hasized by Magnus-Levy, the respii'atory ('xchaiiges, 
including, of course, tlie intake of oxygen, are gnsatly increased. 
Moreover, Yassale and Generali' advanced the vi(‘w, (juite com- 
patible with all tliese biochemical obs(‘rvations and with the 
known effects of the thyroid extracts in cretinism and niyx- 
(edema, that the tliyroid secretion servtpl to activate nietaliolic 
processes, both in the cutaneous tissues and iji the organism at 
large. 

Effects of the Tnternal Secret wn of the Parailnf routs . — 
Itemoval of these organs being followed by spasm and <'onvid- 
sions, the normal conclusion at once suggested itself that tlieir 
pui‘])Ose was to destroy spasmogenic poisons ])roduec(l within tlui 
body. Indeed, the blood of dogs sulijecded to paratliyroidectomy 
was found by Kogowitsch and others to he t<K\ic and to ( ausc? ('on- 
vulsions in normal animals, while laiulanie and otlxirs found 
the urine also toxic. The liver, according to Morel and iiath(*ry,‘" 
shows acidosis degeneration, while Morel'''" and WcTcIiiis'’'' found 


^ Vassale and Gonorali: Arch. ital. de biol., vol. xxxii, 
® Morel and Rathery: Jour, de physiol, et Uv path 
Morel: La gyn^cologle, April, ^ 

®**Werellus: Surgery, Gynecol, and Obst., Feb., 1313. 
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tliat parathyroidectomy (inhauces the liability of pregnant animals 
to autotoxic convulsions. 

The injection of parathyroid extract was found to antagonize 
the convulsive disoiders caused by tlic extirpation of all para- 
thyroids byMoussu and other observers, but the beneficial effects 
lasted a short time only, the animals dying nevertheless. As 
shown by A'assale, the same beneficial effects are obtained by tlie 
injc(‘tion of thyroid extract. Transfusion of a normal dog’s blood 
to that of one de])rive(l of its thyroid and paratliyroids was also 
shown by Fano and Zanda to palliate considerably the convulsive 
phenomena. Still, the fac t that ])arathyroid extract arrests the 
latter temporarily lias generally been aeccjitcKl as proof that the 
paratliyroids contribute independently of the thyroid some anti- 
toxic substance to tlic blood. 

Of experimental and clinical interest in this connection, 
liowever, are the observations of Macallum and Voegtlin/'® and 
Macallum/''^ that cahdum salts given by the inoutli or hypoder- 
mically inhibit the tetany due to removal of tlie paratliyroids, 
both in man and in lower animals, apparently restoring them 
completely. '^^I’his suggests that it is by influencing in some way 
calcium metabolism tliat the parathyroid secretion produces its 
antitoxic effects. 

KKA'iH’RES OF TITE TTIYROPAUATTIYROID PROBLEM. 

As the foregoing review of the status of the question indi- 
cates, mucli valuable work has been contributed toward its 
elucidation. Yet if we ask what the functions of the thyroid 
and parathyroids are in the economy, it must be admitted that 
none of the data or conclusions available answer the question, 
({rowth and menial development are prevented by arrest, either 
through organic inhibition of the functions of tlie thyroid or 
through removal of this organ. What function does it carry on 
that enables it to influence so fundamentally the welfare of the 
entire organism? Yassale’s view that the thyroid secretion 
serves to hasten tissue metabolism is a self-evident conclusion 
sustain(‘d by the symjitomatology of and the use of thyroid 
preparations in myxeedema and cretinism, but it does not tell 

MHcallum and Voegtlin: Johns Hopkins Hosp. Bull., Mar., 1908. 

•^Macallum: Jour, of the Am. Med. Association, Aug. 3, 1912, 
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US liolu it fulfills this fuiu*liou, i.c., what its socretion docs to 
incite and sustain it. 

In the preceding chapter, I filled the corresponding irap in 
respect to the adrenals by tracing the adrenal secretion to the 
pulmonary alveoli, and showed that it was converh'd into adre- 
noxidase in this location, and that it served, through the inter- 
mediary of the red corpuscles, to sustain oxidation, metabolism, 
and nutrition. What is the corresjamding itiiuMarv of tlu^ 
thyroid secretion? Accepting the prevailing and irrcd’iitahle 
view that the latter does sustain metabolism, what is th(‘ I'uiu*- 
tional relationship between the thyroid and tlie adrenals? 
Again, we find that removal of the thyroid, as does that of the 
adrenals, predisposes greatly to infection. In virtue of what 
property does the thyroid secretion contribute to the ])r()te('tion 
of the body against infeidioiis disejtses? '^hhese and many other 
questions have not as yc‘t l)een answenul. 

The field of the parathyroids is at least as replete with 
obscure factors. The same lack of knowl(‘dge ('onemming tlu* 
itinerary of their secretion, its relationship with the blood, and 
the actual role it fulfills ])revails. The salient postoperative 
effects being convulsive disorders of various iypes, wi‘ are again 
brought to the necessity of attributing to tlu'se organs a very 
active ])articij)ation in the autoprotective resources of the body, 
the poisons antagonized being no longer toxins, but, ap))an*ntly 
at least, toxic products of metabolism, /.c,, s])asmogenic intt‘i‘- 
mediate wastes. Here, again, we find ours(*lv(*s confronttMl with 
an active sway over metabolism or, better perha])s, catabolism. 
Fiideed, the im])ortance of this attribute is of major ijiiportaiii'C 
in the practical field. As Tarhon and Golsteiif' wrih*: “( erlain 
pathological states, such as pregnancy, parturition, lactation, 
certain disorders of the female genital apj)aratus, certain dis- 
eases of the thyroid, can facilitate the appearance of tetany, 
which under these conditions is prohahly of parathyroid origin. 
As to the present status of the question, the same authors eon- 
clude ( 1909 ) ‘‘that the intimate meehanism of the ])r(Mlnetion of 
parathyroid tetany — as well as other forms of tefany has noi. 
as yet been elucidated. The data we possess for tbe time being 


^Parhon and Golsteln: ‘‘Les S^erdtions Internes/' e. 209, Parle. 1909. 
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cannot but indicate tlie path tliat researches still necessary should 
follow to solve the question.’^ 

THE TIIVKOI’AKATMYROIU SECRETTOX AS AX OXTDATIOX 
ACTIVATOR TllROl-OII ITS ACTIOX ON CKI.LULAR 
IMIOSPIIORIJS. 

V^erworn/ referring to Max Schultze's observation that the 
])hos|)ho^‘cni(‘ cidls of li^ahtning hugs nhsorl) oxygen actively, 
quot(*s approvingly Piliigi*i*’s statement concerning this process: 
^‘ller(‘, in the wonderful spectacle of animal phosphoresccmce, 
iiatin-e has giv(m us an example that shows where tlu? tapei* 
burns that w(‘ ('all life.” If, on the otlier liand, we r(?call 
Hutchison’s'' remark: ‘“‘Hrietly then, it. may l)e said that the 
effect of the administration of tJie thyroid is to increase oxida- 
tion in the body; it makes tissues, as it were, more inflammable, 
so that th(:*y burn away more ra|)idly'’ and also the fact that 
iodiiH^ wlien l)rought into contact with phosjdiorus caus(.*s igni- 
tion of the latt(‘r, the meaning of the al)ove h(‘ading Avill he 
apprehended. Briefly, from my viewpoint, the iodine in orijanie 
conihinalion which the ( h yrofia rath jf raid serrelion conttdnM 
renders the jihosj)horns of all lissne cells, and jiarUcnlnrljj their 
nuclei, more yrone to undergo o.ridalion by the adreno.rldase of 
the blood. Hence the gn^at intliKmce of the tliyroid gland on 
oxidation, on the vital ])roc(‘ss ilsidf, on develo])ment, jdiysical 
and memfal, as is wtdl sliowii by the results of thyroid pre])ara- 
tions in ci’etinism and oilier kindred disorders. 

In th(' earli(M' editions of the pr(*senl work, 1 advan('(M the 
view that it was in [lart through the adrenals that the tliyroid 
secu’i'tion produc'ed its elTecis, and that, converstdy, ‘k-achexia 
strundfiriva,” i.e,, tlie myxeedema which follows removal of the 
thyroid, was “jiartly a consefpierute of adrenal insuniciency.” 
This view, which makes oxidation the common aim of two sc^ts 
of organs, suggests itself when th(» eflects of extirpation of the 
thyroid are ('oinpared with those following removal of the 
adnmals. Botli postoperative syjidromi's inc'lude central and 
perijiheral hy|)othei*mia, low(*ring of the hlood-pressnre, dyspnoea, 
cyanosis, a(‘('(‘l(M*ated r(*s[)iration, weakness and incrc'ased rapidity 

"Vorworn: “General Physiology,” Amer. ed,, p. 255, 1899. 

Hutchison: lirit. Med. Jour., July 16, 1898. 



THYROPARATHYROID SECRETION AS OXIDATION ACTIVATOR. loo 


of tliG licartbccit rikI pulse, luiiscultir woukiu'ss, luontul torpor, 
melancholia, muscular rigidity, convulsions, coma, and death; 
even bronzing is sometimes witnessed in the advanced stages ot* 
inyxiedema. tkmversely, the ellects of thyroid pri'paralioiis 
strikingly recall those awakened by the adnaial secretion. 
J^eebe,'* for (‘xample, while acknowledging that it is not known 
“on what tissue or S(‘t of tissues the thyroid seendion at'ls,” 
states: “We know that it is connected in some way with the 
t unction of oxidation in the body. Hy the administration of 
thyroid to a cretin or a ])atient with myxiedenia, it is possibK^ 
to increase the absorption of oxygem fi’oin to To per cent. 
'^Jdiere is a corresponding increase in the amoniit of lu'at given oil* 
from the body, ''riie removal of the thyroid in an animal will 
cause diminution in the al)sorj)tion of oxygem, whii'h may lu* 
again increased hy thyroid feeding, .\dniinistration of thyroid 
to a normal animal will cause an increase of from ID to ID per 
cent, in the oxygen demand.” 

All this naturally suggests a mutual stimulation betwc'en 
the thyroparathyroid apparatus and the adr(*nals. In lDD;i, I 
advanced the vi(‘w that tlu^ thyroid secundion tlirecdly or in- 
direcdly imu’eased th(‘ adrenal secretory functions. 

Expeudmenters who have taken up the (pu'stion have also 
been led independently to the conclusions 1 had |)rt!viously 
reached.^*’ That experimental thyroidecdomy shouhl produc(* no 
histological chang(‘s in th<‘ adrenals, as was observed by 11 of- 
ineister,’^ Bensen,’" liriickner,^*^ and others, is self evid(‘nl, unless 
the* adrenals be emh)wed with (*omj)ensati\(‘ funedions, whicdi 
luis never been demonstrated. But it is when hyperactivity of 
the thyroid is used as the ]>asis of the iiujuiry that such a func- 
tional relationship between the two s(d;s of organs shows itself. 
Wdiile, for example, normal blood has no mydriatic powcu*, in- 
jections of thyroid extract confer this proj)erty of lh(‘ adrenal 
secretion upon it, owing, according to Kraus and Friedcuithal'^ 
and Caro,’-'' to stimulation of the adrenals. Kostlivy*'* also 


» Beebe; Jour, of the Amer. Med. Assoo., Mar. 4. 1911. ,, 

Sajous; “Internal Secretions and the Principles of Medicine, vol i, 

n^Hofmeister^^^'Beitrage z. klin. Chlr.. Bd. xj S 1«94. 

i^Bensen: Virchow’s Archiv, Bd. clxx. S 229, 1902. 

Bruckner: Comptes-rendus dc la Soc. de biol., vol. Ixlv p. 112.y 190S. 
Kraus and Friedenthal: Berlin klin. Woch., Bd. xlv, S. 1710, I'JOH. 

^'^Caro: Med. Klinlk, Berlin. Bd. vl. S. IjMJ, 
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observed in a large Tiiiiiiber of cases of tli^-roid intoxication that 
the blood-seruiti |)r()(liice(l dilatation of the pupil, while thyroid- 
ectomy caused this power markedly to decline. The same 
mydriatic activity was conferred on the serum of animals by 
giving thyroid (*xtract by the mouth, tlie mydriatic power cor- 
responding with the dose administered. Hoskins, who refers 
to the above ol)servati()Tis, obtained simi1ai‘ results in guinea-pigs. 
In both exophthalmic goiter and myxonlema, as we shall see, 
the paj'ticipaiioii of the adrenals in the processes shows itself in 
various ways. IMiysiologv and clinical medicine thus unite in 
showing that the se(*r(‘iir)n of the thyroid ap[)aratus enhances the 
functions of the adriuials. 1 might, however, ex[)ress this in a 
ditrerent term. Starling^'^ has named ‘Miormone'’ (from op^/ao), 
arouse or excite) a siihstaru'c whicli, originaiing in one organ, is 
capable of stimulating another. Internal s(‘cretions l>eing in- 
('luded among the hormones, we can state that the hormones 
produced by tlu‘ |)arathyroid ap])aratiis are capable of stimulating 
the adrenals. That tlu‘ thyroid secretion does not serve only for 
this purpose, however, is suggested by the fact tliat it is com- 
ponent of the blood at large. We can only, thercd'ore, look u])on 
its exciting elfect upon the adrenals as an incidental feature of 
a general fuiudioii. 

What is th(* nature of this function? AVe have seen that 
the pn’vailing views afford no answer to this (piestion. We are, 
therefoiH', brought back to the answ(‘r 1 submitted at the l)egin- 
ning of this section, viz., that ‘Modine in organic combination 
which tlie thyroparathyroid secrelions contain rtmders the phos- 
phorus that all lissue-c'clls and particularly their nu(*lei contain 
more ]»rone to undergo chemical change, /.c., oxidation in this 
('onnection, with the adrenal product adrenoxidase as its source 
of oxygen,” and to analyze the evidence which led me to it. I'hc 
]>lan adopted foi' the same ]nirpose in the case of the adrenals 
will be (*arried out, viz., to submit the main i‘vidence in detail, 
though in as terse a form as [mssible. Stai’ting with the nature 
of the thyroparathyroid secretions, I shall then trace their 
itinerariis throughout the organism as an organic cmnpound, 
and linally its function. 


Hoskins: Amer. Jour, of Physiol., vol. xxvl, p. 426. 1910. 

Sturlins: “Reeout Advances in the Physiology of Digestion/’ 1906. 
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The thyroid product is an *'iodizcd ijlabidiii ' ((?.<? Oswald 
maintains), the globulin being the albuniinous constituent of 
hcemoglobin, i.e.^ adrenoxidasc. 

As and also White and Davies-^ hold, the action 

of the thyroid secndioii resembles that of an organized fenmait. 
The identity of this ferment su^^^n^sts itself, i,c., the adnaial 
active princi])le, vlien we consider Baumann's analyses of his 
tliyroidin. Among’ other^ tests, for example, he found tliat it was 
])ractically insoluble in ether and chloroform; that it was not 
destroyed by digestive ferments, and I hat it stood a tern j)eraiiin‘ 
of 100° These are the spcvific tests of adrenalin, ''hhat 

this active primuplo, in turn, occurs as a constiiiKUit of what 1 
jiave termed “adrenoxidase,” is shown by the fact that it also 
gives the tests of the plasmatic oxidase; Lepinois, for example, 
found that tlie tliyroid s(‘(‘retion contained an oxidase which gave 
the blue reaction with tincture of guaiac. Again, we have setm 
that adrenoxidase is a globulin: Oswald termed his ])roduct 
^Hhyrogiobuliri” and describ(*d it as an '^iodi/iul globulin.” 
Again, adnmoxidase being the oxidizing constituent of tlu^ blood, 
and circulating as it do(‘s in all tissiu's and organs, as the 
albuminous poilion of (he laemoglobin, it must n(‘(‘(‘ssarily cir- 
culate also in the thyroid and parathyroids as a blood constituent, 
and out of which the secretions of these organs obtain it. 

The actual pr(*sen('e of an oxidizing lenmait was further 
confirmed recently by Youchctcheidvo.-- rnd(*r tin* heading of 
^texidizing ferments” of the thyroid gland, h(‘ states that this 
organ is ‘^rich in catalases.” As I have sliown in the preciuling 
chapter, catalysis is a propei'ty of the adrenal active [)rinciple. 
He found, moreover, that ‘^the catalase, as well as tIl(^ oxidizi/ig 
ferment, is contained in the red bh) 0 (l-corp\iscles.'’ This cor- 
responds ])rcclsely with the fact I pointed out sev(*i*al years ago 
in the first edition of the present work. In keej)ing also witli 
wliat I had held concerning the influence of the thyroid on 
oxidation (partly through its influence n\or the adrenals), 
Youchctchenko found that in dogs ^^thyroidectomy was invariably 
followed by a manifest, at times consi<lerahle, lowering of the 
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temperature'’; two dogs/’ lie adds, “this oxidizing poAver fell 
almost to one-half of the nornuil/^ 

Yet in tlie liglit of the functions I have ascribed to the 
adrenals, and the functional stimulation these organs receive 
from the thyroid jiroduct, these effects npon the temperature 
should corresjiond witli a reduction of the oxyluemogloliin, the 
active agent of wliich is adrenoxidase. I’hat such is the case is 
shown by tlu* expciaments of Albertoni and Tizzoni,-‘* who found 
that removal of the thyroid caused the blood lo show decrm.^ed 
jfotrer fa fix oxygen ; while i\Iasoiir‘^^ found that the relative (pian- 
tity of oxyli(rnf()(jlobifb in the blood was diminislied gradually as 
the posto])(‘rative phenonuma of thyroid(‘ctomy ])rogressed. 

Another constituent of thyroiodin may he regarded much in 
the sanu; light, viz., nuc'leoprohdd. Slierrington, iVlilroy and 
Jlah'olm,^''^ and others have found that tlie granulations of the 
most numerous leucocytes in the blood, the neutrophiles, are 
composed of nucleojirotcn’d, while the observations of Bail, Stokes, 
and \Vegefarth,““ Sangj’(H‘,-’^ and oihers have as clearly shown 
that tluise granulations Whyq the peripheiy of the cell. A\"e sliall 
see in the next volume that it is through these eells that nucleo- 
proteud reaches tlio tliyroid afiparatus. As stated by Beelie,-'* 
“chemical studies of tlie gland have demonstrated the presence 
of three forms of [iroteid : nucleoproteid, globulin, and albumin, 
in addition to a number of sinijiler cl(*avage jiroducts of proteid, 
the lalter laung bodies of no esjjecial significance. ^Die normal 
thyroid contains relatively little of the nucleoproteid, much 
globulin, and a smaller amount of allmmin; tlie parathyroid, on 
the other hand, contains a large amount of nm^leoproteid, a very 
small proportion of globulin, and still smaller amounts of 
albumin.” Ilere, again, Ave tind in the secretion a supposed 
intrinsic com])onent, nucleoproteid, Avhich, in n'ality, is but a 
commonjilace, though impoi-tant, constituent of the blood. 

That iodine is tlie active agent of the thyroparathyroid 
secretions is now absolutely established. Some observers liave 

"3 Albertoni and Tlzzoni: Cited by Maragliano; Gaz. degli Ospcdali, Oct. 
20. 1894. 

Masoin: Bulletin do I’Acad^mie de Medecine do Belgique, No. 1, p. 88, 

1895. 

Milroy and Maleolm: Jour, of Phys., vol. xxv, p. 106. 1899. 

Bail. Stokes, and AAVgefarth; Bull. Johns Hopkins Hosp., Dec., 1897. 

Sangree: Phlla. Med. Jour., Mar. 12, 1898. 

^ Beebe: Jour. Amer, Med. Assoc., Mar. 4, 1911. 
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held tliat the thyroid aru] parathyroids contain no iodine, in op- 
position to tiio findings of many authorities, hut tins must he 
ascril)ed to defective analytic work. Ih'che, wliile stat ing tliat “the 
physiologically active portion o! the gland secTc'tiou is a |n*ntt‘in 
substance containing iodine in a specitic organic combination," 
also remarks: “1 liave never been able to obtain a deliniie 
protein or proteose from the thyroid al)S(dulely tree of io(lim\" 
Quantities of iodine varying IVom to i:>.0 1 mg. prv gland 

have been found by Baumann, Weis, Oswald, Bosetzki, loUui. 
Gley, and others, in Europe, and Wcdls (ID.;!) mg.), in this 
country. ]\I()r(!over, "‘if ]i(>tassium iodide bc‘ givtai to an animal, 
th(‘re is an increase' in the ('ontent of llii‘ pliysiologit-all v com- 
bined iodine in the gland/’ As Oswald holds, th(‘refoi*t‘, the 
tlm’oid product is an “iodi/cMl globulin/' 

Again, as stated by Pariion and ( lolsic'in-'* in their recent 
work (1!)()!)) referring to the identity of (lu* (hyrtud pnMluct, 
^"Fortunately we are today lu'ltt'i* inform(*d concerning the func- 
tions of tlie thyroid body, and it we (‘annot (‘.\i‘hide the ]n*oduc- 
tion of certain enzynu's l)y the thyroid c(‘lls we can, on tlie ollu'r 
hand, aflirm that tlieir ))rincipal action is diu^ to a mon' ch'arly 
defined substance, which is an iodizi'd globuli?)." 

The foregoing analysis has shown thai in keeping wiili tlu' 
prevailing view the active princijjle of the thyroparathx rotd 
secretions is iodiin^; but inasmuch as its activity in this organ ii* 
combination excet*ds greatly that of iodim* or its salts, a j)rr)p(‘ity 
which its coml)inatioii with a ferment (atlreno.\idas(‘) ('\plains, 
its true idiaititv is more accurately exprc'ssed by the term 
*Hhyn)H)dmcr whiidi I suggi'sted some yeai’s ago. 

Why shoidd this combination o('cur? W e will sei' j)ri‘sently 
that its purpose is primarily to insure tlu' absmption of tla^ 
iodine hv the red corf)uscles, luemoglobin being tlie normal host 
of these cells. Analysis of this question showed that 

The thyroid and parathyroid srerriions idUntfd(dy rrarh life 
superior vena cava and are carried to the jnd nionary alreoh^ 
where they comhine and are tahen up hy the red corpusetejf, 
along with the adrenal secretion. 

Kjng, over a century ago, traced thc' thyroid secretion to the 
lymphatics, and Hurthle showed that fluids as w(‘ll as their 

Parhon and Golstein: ‘‘S^erdtions Internes," p. 1C, Parfs, 1909. 
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colloid passed from the thyroid vesicles to these vessels, a fact 
confirmed by Horsley and others. Baber found colloid similar 
to that in the thyroid within tlie lymphatic vessels. The more 
recent investigations of Biondi/® Zielinska/^ Vassale and de 
Brazza'*^ on the thyroid, and those of Welsh,'*'' and Capobianco 
and Mazziato,'*'* and otliers on the parathyroids, have shown that 
the product of tbesc organs passes into the perivascular lymph- 
spaces. Being then transferred to the larger cervical lymphatics, 
they are discharged hy tlie right and left lymphatic ducts — the 
thoraede duct, according to Bembrey*'*"‘ — into the subclavian veins, 
and by way of the siij)erior vena cava to the heart. Here they 
become merged witli the venous blood of the entire organism, 
forming a single secretion, which is tlicn inevitably carried to 
the heart, and tluaice to the lungs. As the venous blood Ciarrying 
the adrenal secretion passes from below to these organs to be 
oxygenized, so is tlie thyroparathyroid secretion carried from 
above to the air-cells. 

All thes(i facts tend to controvert tlie current view that the 
thyroid and parathyroids are not functionally related, '^^riie fact 
is that the prevailing opinion, referred to on p. 147, is not based 
on a broad view of the evidence in the cas(\ Jfy own (‘oncejitioTi 
sustains and completes that of Gley, which admits a functional 
association in the sense that one set of organs serves to complete 
the work of the other. This intimate connection is shown by the 
observation of l^klmunds that, while extirpation of the para- 
thyroids causes histological changes in the thyroid, removal of 
the latter also causes degeneration of the parathyroids. More- 
over, Vassale and Generali'*** found that after death from removal 
of the latter the tliyroid contained no colloid. Lusena^~ noted 
the same fact, thus showing that the formation of the thyroid 
secretion depends in some way ujion the functions of the para- 
thyroids. Edmunds emphasized this fact by showing that 
hypertrophy of the thyroid followed parathyroidectomy, both 
embryonic tissue and vessels showing development. This sundval 

»0Riondi: Berl. kUn. Woch., Bd. xxv, S. 954, 1888. 

Ziolinska: Virchow’s Archiv, Bd. cxxxvi, S. 170, 1894. 

*- Vassale and de Brazza: Arch, ital, dl biol., vol. xxiii, p. 292j 1895. 

Welsh: Jour, of Anat. and Physiol., Apr., 1898. 

Capobianco and Mazziato: Giorn. Int. de Sci., Nos. 8, 9. and 10,* 1899. 

Pembrey : Hill’s “Recent Advances In Physiology,’’ p. 679. 

Vassale and Generali: Riv. dl Patol. Nerv. et Ment., vol, 1, pp, 95 and 
249, 1896. 

”Luseua: Plslo-patologia dell’Appar. Tiro-parat.. Florence, 1899. 
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suggests that removal of the parathyroids is not as fatal as 
geneiall^^ believed. Indeed, Ciley**'* had two dogs survive removal 
of all tlie i)arath\roids leaving only one Jobe of the thyroid; the 
same operation in two other dogs and in a eat was followed 
by disturbances which became fatal on removing the remaining 
thyroid lobe. In another dog parathyroidectomy caused only 
trophic disturbances and death in one month, ddie same thing 
was observed in rabbits when two ])arathyroids onlv woiv h'ft. 
Edmunds'**^ also had two survivals in <logs after parathyioidec- 
toniy and deems this operation less grave than thyroidectomy, an 
opinion which is also Gley’s. 

Again, Hal])onnv/‘' after a compri'honsive scries of (v\])(»ri- 
ments in the same direction, writes: ‘'‘I have been unable to 
confirm the statement that conifdete parathyroideetomy invaria- 
bly proves fatal, and that in a short tim(‘. Fn dogs d and 7, 
where serial sections of the thyroid removiul post-moitmn showed 
no parathyroid, the animals lived dO and 21! days, respeidively, 
without symptoms and were killed. In dog 1, symptoms <lid not 
occur, and at the post-mortem no parathyroids w(‘re found, 
although serial sections were not cut. In cats 1, (>, and S, in 
which at the operation the thyroid lobe with the jiarathyroids on 
one side, and the parathyroids alone on the oilier sidt\ w(*re 
removed, tlie animals lived, without symptoms, 2d days, 25 days, 
and do days, respectively, and were then killed, in all lhn*e 
cases a careful [)ost-inortem search was madts and the remaining 
lobe of the thyroid was cut in serial sections, and no trac(‘s of 
parathyroid was found. There is a tendem'V to disregai'd lh(*s(* 
exceptions — Mac(^allum and Davidson,^* Herkch*y and Ih'elxd"' — 
and explain them by supposing that parathyroids liavt* nanained 
behind unobserved.” This explanation is hardly haiabh? in viinv 
of the numerous examples ])resented. As to accessory glands, as 
Vincent'^^ states, ^Tf accessory glands be so usually present, the 
question as to the importance to life of these glands c(*nses h) 
have the value hitherto attaclied to it.” Although 1 Ixdievi* Hal- 
penny killed his animals too soon after the operation, Parhon 


“Gley: Brit. Med. Jour., Sept. 21. IflOl. 

“Edmunds: Jour, of Pathol, and Barterml , Jan. 18»6. 
^oHalpenny; Surgery, Gynecology, and Obstetrlys, 

♦iMacCallum and Davidson: h win 

Berkeley and Beebe: Journal of Medical Ue^scarch, heb., 1909. 
“ Vincent: London Lancet, Aug. 11 and 18, 1906. 
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and Golstcin^'^ luiving ol)^=crvcd [)ost;()|)erativc death (though 
witliout tetanic plienoinena) much as 60 and (>(> days after 
thyroj)arathyroid(*ct()niy in tlic eat, the fact remains that added 
to the data recorded by (ik;y Jiis evidence tends to weaken the 
view that the j)arat l)yi*oids ai*e (‘miowed with independent func- 
tions. Swale ViTU'cnt, in his recent hook (1016), adduces con- 
vincing data indicating ‘‘an intimate relationsliip between the 
two structures," anatomi('al, 2)liysiological, and ])atliologica1. 

Kinally. and j)ointedly suggesting a combined function, we 
have se(‘n tliat a transj)lanted or grafted piece of thyroid tissue, 
fret* of all ])ara.thyi*oi<l tissut*, assumes tlie functions of botli sets 
of oi'gans, arrests the convulsive disorders due to extirpation of 
tfie parathyroids aloiu*, and j)revenls deatli. 

All this ch'arly ])oints to a functional connection (prohahly 
a nervous one to co-ordinali^ the relative proportions of their 
secretions) between these two sets of organs, and tlnis insures 
the ultimate formation in tht* lungs of a perfect, i.e., physio- 
1 ogieal , thy r( >] )a I'a thy roi ( 1 al prod uct. 

The purj)ose of this itinerary suggests itself when wo recall 
that, as stated by Nolhnagel and Kosshach,'^"‘ haunoglobin can fix 
large (juantities of iodine. It accounts also for the fact that 
Glev'“* and Hourcet found iodine in the red cor[)uscles. Being a 
comjKUKMit of the albuminous luemoglohin of these cells with 
adivnoxidase, however, iodine should he found in all tissues. 
While Bourcef*' ascertained that such was the case, Justus^'^ 
found it in all cellular juiclei, so rich as is well known in 
])]iosphorus. This simultaneous presence of iodine and phos- 
])liorus in the nuclei, and also of iodine in the red corpuscles, 
suggests tiu; nature of ]>rocess carried on in the cells: viz., 

77/ c I /niroparallii/raid vonsUtucnt of the lupnioglohin en- 
hances o.vidation hjj increasing, as a ferment, /he vnJnerahifiiif of 
the phos/)horns, which all cells, parlicnlarlij their nuclei, contain, 
to o.ridation by the adrenoridase in the blood, 

I'his a(‘tion is strikingly shown by the fact that iodine, the 
active constituent of the thyioid secretion, and its salts, as shown 
by llenrij(‘an and (h)rin,‘*^’ ilandfield Jones, and others, cause 

Par lion and Golstoin: “Secretions Internes,” pp. GOT and 609, Paris, 1899. 

NothnaRel and Rossbach: “Therapeutique,” p. 261, 1889. 

*”Gley: Ra Semaine medicale. May 2.'), 1898. 

Bourcet: Cited by Morat and Doyon: Traite do physiologic, i, p. 470, 1904. 

^Justus: Virchow’s Archiv, Bd. elxxvi, S. 1. 1904. 

He nrl.lcan and Corin: Arch, de nharmacodyn., ii, 1896. 

“Handheld Jones: Cited by Wood: “Therapeutics,” .13th ed., p. 499, 1906. 
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excessive eliiiiiiiatioD oi aiul ])1u)spli()ri(* ac'id, aiul tluit 

thyroid preparations, acconlin^r to Rons, Scholtz/'' Poiuhet/'- 
and others, act in the same Avay. “Kiuphasis must he laid/' 
writes Chittenden,'”^ “ujxm the apparent ('onneedion Ix'tween tlu‘ 
thyroid gland and jdiospliorict acid nielal)olism/' givina' as 
example “the inereased excretion ut P.d),, after feeding tiiyroids 
to normal anima'vS, and the great decrease in tlie case of animal., 
v.’itli tlie tliyroids removed." 

ddie iintowanl edVeds of large doses of thyroid ]>rej)ara( ions 
on the nervous system, owing to its wealth in phosphoiais 
and fats, as manifi‘sted hy tremor, iadiycardia, optii* neuritis 
((djppe/*"^), etc., also he.speak a marked inlliieiu'e on this (‘lenient : 
(.■yon/'' in fact, found tliat injections of iodothyrin excited lht‘ 
depressor nerve directly to such a degree that the vascular 
pn^ssurc often declined to two-thirds of tlie normal. 

‘ A familiar action of the thyroid ])i‘epara(i()ns is a rapid 
reduction of fat in obese snl.)j(‘cts when full doses an* admin- 
istered. The p.n‘sence in the fal-('idl of a nucleus rieh in phos- 
phorus whose purpose is promptly to promott* oxidation of the 
fat when the organism re(|uin*s additional carl)ohydi‘at(‘S (‘xplains 
tliis action. Schdndorir**' found that tlio r(‘S(n’V(‘ fats could he 
exhausted before the nitrogenous tissues were allecli'd. 

The mode of action of the thyroid active* principle, iodine, 
is suggested by the ])resence of this halog(‘n in all nuch'i. as 
shown hy Justus'"’* and (dhers. 'Idiis means tliat iodim* is found 
wherever pliosphonis is present, while, as shown above, it is 
most active wliere |)hos])h()nis is known to he most picniilul. 
Xow, chemistry furnishes, as jireviously stated, a clue <o I Ik* 
manner in wliicli tim ])henomena I have enuiiuvratexl occur: 'd I 
a fragment of jJiosphorns lying on a plate* is sprinkh'd with 
iodine/^ writes Wilson/'^* ^‘tho substances unite, and heat enough 
is produced to kindle the phosphorus.’^ Nitrogen, hydrogen, and 
chlorine are ubiquitous constituents of our tissue's, and the 
vigorous explosives tliey form wdth jjhosphonis and the intense; 


'"‘1 Scholtz: Centralbl. f. Inn. Med. Bd S. 1041, 1009; l-SOr*. 
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liberation of heat the reactions entail arc familiar features of 
the laboratory, h’oos'’'* found that in a dog in nitrogenous 
equilibrium io<lotliyrin ^^eansed at once a marked increase in the 
output of sodium, soilium chloride, and phosphoric oxide/^**" 

Finally, as stated in the italicized postulate, “the thyro- 
parathyroid constituent of the hannoglobin enliances oxidation by 
increasing, as a ferment, the vulneral)ility of all cells’^ to the 
action of adrenoxidase. That is shown by many facts. 

(diantemesse and ^tarie, Ihillet and Enriquez,”^ Eournc- 
ville,^- 8hattuck,“-^ Lorand,”^ and many other clinicians, including 
myself, have noted that thyroid preparalions caused a rise of 
temperature of several degrees. 1'hese observations are con- 
trolled by tiiose of Stiive and Thiele and N^ehring,''"’ that thyroid 
extract increases ov(‘r 20 per cent, the oxygen intake and to 
nearly as great a degree the carbonic acid output. This is 
evidently pi*oduced by the active agent of the thyroid secretion,* 
iodine, for this halogen itself increases oxidation as well. Thus, 
liahuteaii, iMilanese, and Bouchard/'^’ Henrijean and Corin^*'^ 
have all noted an increase of nitrogen excretion. Wood*^'^ and 
Cushny”'* state, in fact, that iodine can produce fever. Heinrich 
Stern*’^**^ not(‘d a rise of temperature at times of 3° F. in cases of 
hyperthyroid in. 

Eernoval of the thyroid, on the other hand, lowers oxidation. 
Albcvtoni and Tizzoni, and Magnus- Eevy^" found, for example, 
that this proc(‘dure d(H‘reased markedly the output of carbon 
dioxide, and tliat it caused hypothermia. The fall of tempera- 
ture is grarlual, according to Lorrain-Smith,'^^ and most marked, 
according to Itouxeau,"- at the end of the operation. The pro- 
portion of red corpuscles is reduced, according to Moussu.^^ 
Jicverdin observed in man that the hamioglobin was also dimin- 
ished, while Horsley noted increased sensitiveness to cold. 

“Rods: M«nch. med. Worh., No. 47, S. 1157, 1898. 
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"•'* Shattuck: Boston Med. and Surg. Jour., June 30, 1904. 
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Albertoni and Tizzoni and Masoin found that the l)lood wniaiueil 
less oxygen than normally. 

This applies as well to removal of the parathyroids, whiili 
was found by Jeaiulelize"^ also to lower the temperature, ^riiat 
the thyroid apparatus can itself raise the temperatun*, is sliown 
by the febrile process and sense of heat with tlusliing observed in 
the sthenic stage of exophthalmic goiter, Lc., wlum the thyroid 
ap])aratus is still overaetive. When thyroid extract is giv('n to 
such cases, the exchanges may be increased to a surpi’ising dc^erec* 
— 77 per cent, in a case observed by Hirs(*hlalf.‘''‘ The diseasi* 
may in fact be brouglit on by thyroid i>rej)arations, as not(‘d by 
Notthaft"'^ and other clinicians. 

Still, as Chittenden states,"^ ^hiccording to Baumann, dos(‘s 
of 1 milligramme of iodothyrin, which contain only 0.1 milli- 
gramme of iodine, will produce a decided (dfect upon a g«)iter 
after three or four applications, thus clearly indicating that it 
is not the iodine fjcr se that is elT(*ctivc‘, ))ui rather tin; iodine' 
compound/’ This will recadl the obseuwations of Xotkin ami 
White and Davies that the action of the adrenal sc'crcdion 
resembles that of an organized fc'rmeni, and mv own that 1h«‘ 
adrenal principle* with winch the iodine is (‘ombined endows it 
with the prc^])erties of a ferment, the ])ur]>osc* being |U‘obal)ly to 
increase the activity of the iodine on the cellular jchosphorus. 
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Fraeiikel isolated from the thyroid what he termed a 
'Thyroantitoxin,” which he thought served to ncuitialize in the 
gland itself toxic substances brought to it by the blood. Notkin 
also separated a substiuicc he called ‘Thyroproteid/’ a product of 
tissue exchanges which he believed ivachcd the organ, to be. 
destroyed therein by a ferment, tbyroidin, formed locally. Idiese 
and all other theories, including Blum’s, which rc'.^trict tluj 
antitoxic process to the gland itself liave not stood the* test ol 
time. These conceptions are now only of historical intcui.'st, 
many investigators having shown that whate\er func tion t u. 
thyroparathyroid apparatus may carry on should he attributed 
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to the passage of its secretion into the blood, in which its active 
principle, in organic combination, has been found by Gley, 
Bourget, and others, both in man and the lower animals. The 
evidence submitted in the foregoing pages fully sustains this 
position. 

What the prevailing views are concerning the role of the 
thyroid secretion, and what my own researches represent in 
respect to them, may be graphically illustrated by quoting the 
recently published words of Youchctchenko, of the Institute of 
Experimental Medicine of St. Petersburg.’^^ ‘^Some suppose 
that it I the secretion of the thyroid] is necessary for the develop- 
ment of tlie bones, the digestion, the nervous system, etc. ; others 
express the opinion that it fills the role of antitoxin, which 
renders non-toxic the toxic products of nutritional exchanges; 
others, finally, afiirm tliat the toxic substances elaborated in the 
economy are transformed, under the influence of the ferment in. 
the thyroid, into substances necessary and even indivspensable to 
the life of the organism.” 

If the function 1 ascribe to the thyroid apparatus was clearly 
defined in the foregoing pages, it will be seen that they harmonize 
all those outlined by Youchctchenko. The labilizing or sensitiz- 
ing action I attribute to the iodine (in organic combination) on 
tissue phosphorus explains the action of the thyroid product 
upon ‘‘the develoj)ment of bones, the digestion, the nervous 
system,’ etc., since it is an essential feature of their metabolism 
— that which renders all tissues susceptible to adecpiate oxidation, 
the underlying factor of normal development and function. The 
“transformation under the influence of the ferment in the 
tliyroid” is naught else tlian the above process carried out, we 
have seen, under the influence of a ferment and the organic 
iodine, i.e., by what 1 have termed “thyroiodase.”. As to its role 
as “antitoxin,’^ we shall now see that it is also a feature of the 
same process. 

Youchctchenko credits Marbe, Malvoz, Fassin, and Stepa- 
noff (the first- and last- named investigators being of the Pasteur 
Institute) with the credit of having first connected the thyro- 
parathyroid s<?cretion with the modern conception of immunity, 
which takes into account the presence of alexins, opsonin, etc., 

Youchctchenko: Loc. cit.^ Tome xv, Nos. 3 and 4, 1310, 
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in the blood; but this is an ovcrsiglit wliidi lAMipold-l.cvi and II. 
de Kothschild, of TViris, corrected in their recent work'" v.Iumi 
they wrote: ‘‘Sajous lias attril)uted to tlie secretion ot* tlie 
thyroid gland an action which ho deoius similar to that of tlie 
opsonins and to antoantitoxins. More recently, ^liss Fassin, 
M. Stepano/T^ M. Marbe liave contirnied on their side tlu* iiiilu- 
ence of the th^yroid on the blood s asset in alexins and ojisonins. 
All these researches explain the mechanism oT everytlay 
infections.^^ 

That I am entitled to the priority of this diseov(‘ry will la' 
shown presently in the course of the evidcMicc in supiiort of my 
contention, advanced several years ago,*'" that 

The thijroparath y roi d secretion increases the rfennicidai and 
antitoxic power of the blood by cndowiny Ike alba mi nous poriinn 
of the hamioglobin with sensitizing propevties. .l.v such, it is 
the blood constituent Sir A. E. Wright has term at '"opsonin/" 

Bordet’s sensitizing suhstance, or ‘‘si'nsihilisatric'c,” was 
thought by this investigator and also by von Dugern to appear in 
the blood under the intluence of the red corjiuscles. XolP^ 
showed, however, that it is owing to an action of the ah'xins or 
complement upon these cells that "‘the contt'ids of the lath'r” an* 
caused to leave them ; he found also that ‘Mhe injt'ction of tlu' 
corpuscular contents incites haemolysis.” Xow, Savtchenko''- has 
pointed out that the ^^sensibilisatric'c” is (‘iidowi'd with sjiecilic 
opsonic properties, acting both on bacteria and leucocytes — the 
identical sensitizing action discovered by Denys and L(*clef‘'*‘ in 
181)5, and which Sir A. M. Wright has since stmlii'd with sueh 
promising results. Suggestive in this connection is \ oil's 
statement in reference to the production of antibodies that ‘"’it is 
solely to the injected red corpuscles that the ])ow(‘r to hi*ing forth 
these new substances must be attributed.” AMien this is coupled 
with BarrattV'^ observation that opsonins “are also produced by 
injecting red blood-cells in the peritoneal cavity” ol (*xi>erimental 
animals, and also Briscoe V’'"* to the effect that of)sonin is presemt 


^ L$opold-L6vI and Rothschild: “Physio-pathology of tlu* Thyroid Body.” 

^ SajouB*. See vol. I, 1st ed., p. 762, 1903, and vol. II, 

Nolf : Annales de ITnstitut Pasteur xlv, pp. 297 and 492. 1900. 

Savtchenko: Tbkl., xvi, p. 106, 1902. 

“Denys and Leclef: “La Cellule,” xi. p. 198, 

“Barratt: Proc. Royal Soc. of London. Ixxvi. p. 5u4. 190.*. 

“Briscoe: London Lancet, Sept. 7, 1907. 
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in the fluid of tlie peritoneal cavity, which normally contains no 
pliagocytcs, it becomes evident that opsonin is a product of the 
red corpuscles. 

Tinder these conditions, however, the administration of 
thyroid preparations should increase the immunizing properties 
of the blood, and particularly its opsonic activity. As to the 
former, I was led to conclude, in 1903,®*^ by an analysis of the 
whole (|ucstion, that the injection of various bacterial toxins in. 
man and in tlie lower animals excited more or less actively ac- 
cording to their virulence the pituitary, adrenals, and thyroid 
(constituting what, as we shall see in another chapter, I termed 
the ^^adrenal system”), and that ^‘the various antitoxic sera are 
more or less active in proportion as to the quantity of tliyro- 
iodine in them is great.” Four years later, Miss Fassin^^ found 
not only that removal of the thyroid decreased the germicidal 
and hamiolytic alexins in the blood, but that the administration 
of thyroid by any method increased materially these same alexins. 
That this actually increases the defensive power of the body was 
also noted by lleid I hint, who found that when mice were fed 
on small amounts of thyroid they showed marked resistance to 
poisoning by acetonitrile. Ever since the gland has been used 
as a therapeutic agent, in fa(‘t, it has been found useful, though 
em])irically, in intoxications of various kinds. Ticopold-Levi and 
de llothscdiild,”*’ for example, observed clinically that thyroid 
treatment rapidly influenced favorably autointoxications and 
exogenous infections, including erysipelas. Turro®® found that 
the juices of swine and sheep thyroids dissolved almost en^ 
tircly the comma, typhoid, and anthrax bacilli, the bacillus coli 
communis, and the streptococcus. Conversely, dogs were found 
by Charrin®^ to succumb readily to infections, after removal of 
the thyroid. That toxic intermediate vva‘'tes or other toxics are 
not destroyed adc(|uately in thyroidectomized animals is shown 
by the observation of Gley®^ that the blood-serum of thyroid- 
ectomized dogs is more toxic than normal serum, and gives rise 
to convulsions when injected into animals. Jeandelize and 

'^'‘Sajous: See vol. i, 1st ed., p. 762. 1903. 

Paasin; C. r, de la Soc. de bio*., Mar, 9 and 26 and Apr. 20, 1907. 

Hunt: Jour. Amer. Mtd. Assoc., July 20. 1907. 

L6opold-Ij6vi and de Rothschild: Lor. cU. 

Turr6: C. r. de la Soc. de biol.. lx. p. 464. 1906. 

•iCharrln: Lea Defenses Naturelles de TOrpanlsme, Paris, 1898. 

»*Gley: Archives de Physiologic, No. 4, p. 770, 1895. 
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Perrin«3 ^1^^^ thyroidcctoinizcd ralibits i)ivsontod joss 

resistance to poisoning by sodium arsenas tiian normal animals. 
LoranJ observed tlie same fact in connection witli chloroform 
narcosis. ])e Luca and d’Angerio-’*' and otliers liave found, mon- 
over, that the urine in thyroidoctomized animals contains a 
greater percentage of toxic substances than normal, and that the 
therapeutic use of thyroid in these animals counteracUMl this 
toxicity. It is tlius aj)j)arent that the evidence* from every phases 
of the question points to tlie thyroid secretion as an importaid 
factor in the immunizing processes of the body. 

Tlie process through wliicli the thyro|)arathyroid seen*! ion 
carries on this important function dilfers in no way from that 
which enables it to sustain metabolism and nutrition. As stated 
by Jordan “The bodies of bacteria crinlain from about SO to SS 
per cent, of water, the amount showing considerabhi variation 
and depending partly on the nature of tlie organism, jiarilv of 
the culture-medium, ^bhe ash is lanjeJjf phosphoric arid, the 
PyOj often reaching as liigli as half the total asli wcught (tubercle 
bacillus, 55.23 jier ('ont. ; de Schweinitz and Dorsett''*) Ibic- 
teria, therefore, in keeping with many of our tissue-cells, arc 
relatively rich in ])hosj)horus and correspondingly vulncralih* to 
the action of the thyroiodase. As the latter, in turn, n'liders tin* 
phosphorus prone to oxidation by the jilasmalic adr(*no\idas(‘, ihc 
wliole pathogenic micro-organism is rendered unstable chemic- 
ally and vulnerable to the digestive influence of tla* blood's 
germicidal agents — which in the above s(*nse include both the 
thyroparathyroid and adrenal products acting conjointly. 

On the whole, the evidence and the confirmatory testimony 
submitted under the last two headings have shown : — 

1. The thyroparathyroid secrcAion and the thyroid prepara- 
tions used therapeniirally art by inrreasiny the srnsifrrenrss (rf 
the phosphorus of all cells, parUcnlrrly their nnrlei, to the 
oxidizing action of the adrenoxidase, and thus enhaure uietah- 
oJism and nutrition, 

2. They also, m inrtue of this action, augment the auto- 
jrrotective, or immunizing, poiver of the blood, by increasing the 


»3Jeanaellze and Perrin; Reunion blol. de Nancy; cited by 


j'arnttii uiki 


Qolsteln, loc. cit., p. 554. 1909. q 

— ’ - t t- . Revista medica e terapeutica, No. 9, 1R9«. 

.. „ c? lain 


•iscein, toe. p. ivv 

De Luca and d’Angerlo; itevisia iutruii;« ^ - 

** Jordan: “General Biology,” 2d cd., p. 1910. 

De Schweinitz and Dorsett: Centralbl. f. Bakt., Bd. id, a. 


209. 1897. 
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sensitiveness (as opsonin) of all bacteria, their toxins, endo- 
toxins, toxic wastes, etc,, that contain phosphorus to oxidation, 
and thereby to the digestive or destructive action of the comple- 
nient, both in the blood and in its j}hagocytes. 

As will be shown elsewhere in this work, this represents the 
foundation (with the adrenal and pancreatic secretions as addi- 
tional factors) of the autoprotective process, including the 
germicidal cytase of phagocytic cells. It traces them to their 
origin and furnishes their identity, features which Ehrlich^s 
labors have not, so far, determined. 

TTTK riTUTTARY BODY A8 THE SEAT OF 
TtlYROrABATHYUOID CENTER. 

So important are the functions of the thyroparathyroid ap- 
paratus that we cannot but surmise that, in keeping with many 
other and far less prominent functions, they are regulated by a 
center. The evidence available, a part of which is given below, 
and in the second volume, indicates that such is the case. 

That it should be the same center which wo have .seen 
governs the functions of the adrenals is not only sustained by 
what evidence there is on the subject, but also by logical reason- 
ing, sin(*e the two (jenters which regidate oxygenation, metabo- 
lism, and nutrition, thus conjoined, are ])laced in the most ad- 
vantageous position to co-ordinate these all-important functions. 

'J'he first clue to such a functional relationship was afforded 
by flic fact that 

The active and jmssive phenomena evohed by the pituitary 
body and the thyroid apparatus show considerable parallelism. 

We have seen that removal of cither the pituitary or the 
thyroid causes a steady decline of the temperature with de- 
creased oxygen intake and carbon dioxide output, and also 
weakness, tetany, and even epileptic convulsions, while, con- 
versely, overactivity of either organ provokes excessive metabo- 
lism with increase of oxygen intake and carbon dioxide output, 
and glycosuria. We arrest nutrition by removing either the 
pituitary or the tliyroid, just as degenerative changes in either 
organ entails de?uitrition la])sing into fatal cachexia. The 
sthenic shige of acromegaly and gigantism strikingly illustrates 
the power of the pituitary to incite excessive nutrition and over- 
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growth; the rapid growth ot tlie cretin under tlie inlluenee of 
thyroid preparations exeinplities what the thyroid apparatus eaii 
do in the same direction. 

The simultaneous presence of degeneration of the pituitary 
and myxcederna in cases reported by Poidiek,”^ J. Stewart, 
Codd;-^'*^ Sainton and Uatliery,‘‘“ and otliers; and of acromegaly 
with exophthalmic goiter by Murray, Lancereaux/'’^ ami 
others (two diseases Avliich, as empliasized l)y Lorand, not only 
present many characteristics in t*ommon, but which, as observed 
by Magnus-Levy,^'’- are attended by excessive oxidation) clearly 
suggest functional ]iarallelism. This is further em])hasized by 
the enlargement of both organs during pregnancy indicated by 
the labors of Comte/“-* Launois and Mulon,^“^ and Lang''''" and 
its subsidence Avhen, after parturition, the blood no long<‘r receives 
ihe excess of wastes that the presence of the hetiis involv(’d. 
On the whole, we can certainly say with Thaon^*''' iliat “Ix'twecai 
the ])ituitary and the thyroid there is so much analogy that the 
one (arniot be studied without a knowledge of th(‘ other.’^ 

Zoology atTords various landmarks in th(‘ same diretdion. 

The pUidiary body governs oxygenation, melaholi^rn, and 
nuirltum in all animals snpplied with a thyroid gland and 
adrenals. 

In tunicata, the homologue of the tliyroid, according to 
zoologists, is the endostyle, a long gland at th(‘ ])as(' of the 
j)liarynx closely related to the branchial or respirfitorv cliamlx'rs. 
The adrenals in tliesc invertebrates are represented, as pc'rsonal 
researches have suggested, by the dorsal tulxu'clc*, wliicdi is so 
related to the respiratory chamber that its prodiud, which cor- 
responds M^itll the adrenal secretion, can be seended into the 
blood near the oral aperture, the inhd for the water whi('li 
sup|)lies the animal with oxygen. Suggestive in tlie light of tlx; 
views 1 have submitted is that the dorsal tubercle — tin? primitive 
organ of the adrenals from my vi(*wpoint — is connected by a 


«TPonflck: Zeit. f. kUn. Med., xxxvlll, Nos. 1. 2, u. 3, im 
“•Codd: nritlsh Medical Journal, May 5. 189n. la^o 

»» Sainton and Rathery: C. r. de la Soc. m^d. des hflpitaux, May, 1908. 
100 Murray: Edinburgh Medical Journal. February 1897. 

Lanccreaux: La Semaine m^dlcale, June 24, 1896. 

Magnus-Levy: British Medical Journal. April 3. 1J0.J. 

Comte: Thfise de Lausanne. 1898. i \ n 2 i9n4 

Launois and Mulon: Ann. de gyn6c. et d obsta.^ 2d series. 1, p. 2, 1904. 
Lang: Zeit. f. Geburts. u. Gynak.. xl, p. 34, 
i‘»«Thaon: Loc. clt., p. 116. 
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delicate duct with an organ, the subneural gland, w’hich Julin, 
as we shall sec presently, has identified as the hypophysis, while 
the endostyle, the primitive thyroid, along with all other organs, 
receives nerve-fibers from a nerve-ganglion attached to this 
ancestral pituitary. 

Two inij)ortant facts impose themselves in this connection: 
The first is that, as stated by Jacques Ijoeb^^*’^ in reference to a 
group of these invertebrates, ^The central nervous system is re- 
duced to a single ganglion’^; the second is tluit this single 
ganglion corresponds with the neural or posterior lobe of the 
pituitary. Just as the nci*vc-ganglion governs the functions of 
the primitive tliyroid and adrenals, that is to say, the resf)iratory 
processes in these lowl}’ animals, so can it be shown to do at 
every step of the pliylogenetic scale up to man, since it preserves 
its functional im])ortance througiiout. The snail, for example, 
is supplied with both a cerebral and an cesophageal ganglion ; 
galvanic excitation of the cerebral ganglion, as shown by 
Vulpian, produces no appreciable efl*cct; but similar excitation 
of the lower or jfiiaryngeal ganglion, the future neural lobe of 
the pituitary, provokes violent muscular movements. Again, 
removal of the cerebral ganglion wdll not kill the animal, but 
it will remain motionless. Extirpation of the cesophageal gan- 
glion, on the other'hand, causes its death in less than twent3^-four 
hours. All this applies as well to other invertebrates. 

We can assimilate all the vertebrates to these primitive 
forms by removing the brain. That the respiratory mechanism 
or the processes it influences are not in the least impaired by this 
operation vas shown when we traced the governing centers of 
this mechanism — to wliich the thyroid belongs — ^to the pituitary. 
The well-known Cornell frog lived several years after its brain 
had been removed. The decerebrated pigeon is a familiar 
examjde of this kind. Another is Goltz’s dog which lived 
eighteen months after both its hemispheres had been removed. 
Converstdy, we have seem liow rapidly extirpation of the pituitary 
proves fatal in the liigher mammals, just as it does in the low 
invertehratf>s when the cesophageal ganglion is extirpated. We 
found that all tlie lethal phenomena are due to arrest of respira- 
tiem and oxidation, botli of which processes are carried on 
through the adrenals and the thyroids. Again, 

Jacques Loeb: “Studies in General Physiology,” part i, p. 363, 1906. 
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In vertebrates the pHuitart/ body is connected with the 
thyropcirathyroid apparaiw^, it is with the adrenals, by direct 
nerve-paths, 

T. ho thyroid <ip])cii'{itus, as all toxthooks tc'ach, roroivos its 
nerves from the sym|>at]i(‘tio tliroii.^h the middle and inferior 
cenieal gan^dia. Tliat they originate in the j)itnitarv is shown 
not only by tlie presence of typical sympatludic libers between 
the pituitary and tlie np])er connections of tlie spinal system 
wdtli the cervic'al sympathetic, hut also by the effects of ele('trical 
excitation of the exposed, hiit normal pituitary. 

As to the origin of tlie nerves, Cajab^'’'' Jorisd'*’^ and others, 
we have seen, tiTU'cd in various animals fibers from the ))ituitarv 
to a nucleus of large? gray cells immediately above the infun- 
dibnlum in the anterior fmrtion of the third ventricle, which 
nucleus was found by them to project nerves over the ventricadar 
walls. These nerves are also described by l^]ding(*r^ in fishes, 
reptiles, and birds as ‘diumerous fine, niedu Hated tilxjrs’’ — the 
characteristics of sym])atlietic nerves, as shown by llidder and 
Volkmann. In illustrations of sections in various animals, 
Edingcr shows, moreover, that several bundh'S of these llbc^rs 
project posteriorly as far as the level of the bulb, whence, as is 
well known, the fibers wbieli pass over to the sympailudic ganglia 
begin to leave tlie s])inal system. As the ganglia are the starting 
points of sympathetic nerves to the various organs, we fliiis havt*, 
through these ganglia, a continuous path from tin? pituitary to 
these organs. This is sustained by physiology, siiu'C (’yon and 
also Masay’^^ caused an instantaneous rise? of pressure of ovr*r 
100 nun. Hg. by exciting electrically the expos(*d pituitary. As 
the vagi were cut during the experiment, and the vasoniotor 
center is independent and located in the bulb, tlu; rise of pres- 
sure could only be due to general sympatlietic vasocorist ridion. 
I will show in the second volume that the pitiiihirv has a (con- 
trolling power over the sympatludie system. 

When the influence of the pituitary ov(*r tla? adrenals was 
analyzed, it was possible to trace .st(?p by step along the path 

^<^Ca3al: hoc. cit. 

E^ngert''- Anatomy of the Central Nervous System.” American edition, p. 

Maeay: Ann. de la Soc. roy. des scl. mdd. et nat. de Bruxelles, xll. 
part ill. 1903. 
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between the two oi’gtins all the main phenomena which both 
were able to provoke. In the ciise of the thyroid we are deprived 
of this valuable testimony. As Morat/’- in his review of the 
sympathetic system, says, “the tliyroid gland receives its vaso- 
motor libers from tlie superior portion of the thoracic chain by 
tlie cervical cord. Stimulation of tlie tlioracic chain causes 
either vasoconstriction or vasodilatation on account of the 
mixture of the two orders of fibers.^’ In other words, tlie antago- 
nistic nerves whicli (‘ontrol the functions of the thyroid are so 
conjoined that transection or excitation would afford no reliable 
testimony. 

The parii('if)ation of the thyroid in the phenomena awakened 
by the pituitary and the nerves it projects posteriorly is shown, 
however, by the intensity of these phenomena. The adrenal 
secu’ction alon(‘, as represented by its extracts, causes a rise? of 
temperature of 1° or 2° F. How account for the rise of 10° F. 
and over (*aused by puncture of the tuber ciniTcum (just above 
the pituitary) by Sakowitsch**** ; of the ()° F. and over noted by 
Briick and Gunther”‘‘ on puncturing between the pons and 
medulla, and of the 12.1° F. noted by Brodie’’"’ after an injury 
of the cervical portion of the spina! cord, with im])ulses to the 
adrenals alone to account for these lieat phenomena? They 
obviously fail to do so. On the other hand, they are readily ex- 
plaiiu'd by slniitlianeo^ts impulses to the thyroid apparatus, since 
the action of its secretion upon cellular phosphorus, we have 
seen, provides an active source of heat energy. This dual action 
not only accounts for tlie high temperatures obtained by irrita- 
tion applied all along the path from the pituitary down to where 
the nerves to the adrenals and thyroid leave the spinal cord, but 
it indicates that the two sets of thermogenic nerves follow the 
same jiath, down to this region. 

Finally, that the pituitary is so related with the nervous 
system as to be capable of governing these organs, is further 
shown by the fact that, as stated by Prof. Laulanied^^ a physiolo- 
gist who has given considerable attention to the functions of the 
ductless glands, in reference to the pituitary body, “this gland 

Morat: “Physiology of the Nervous System," Syers’s ed., p. 334, 1906. 

Sakowltsch ; Lw*. vit. 

Briick and Gilnther: hoc. cit. 

Brodie, Morat. and Doyon: Lor. cit.. Article Calorification, p. 413, 1899. 

*’®Laulani6: “Elements de Physiologic," 2d ed., p. 488, 1905. 
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is, in fact, in relation witli the syinj)atlietic, iho vagus, and the 
depressor nerve.'” 

Of course, 1 am familiar with the prevailing view that the 
pituitary is a secreting gland. But the data wliich t(‘ml to sus- 
tain this opinion are far from convincing, for n^asons Dial I 
will submit in the tenth chapter. Suggestive in tliis conne(‘tion 
is the fact that its removal for tumors or otlier lesions whi^di 
destroy its functions does not in the least compi-oniise life, as is 
the case after removal of the adrenals or of the thvroparat livroid, 
which are known to he secreting glands. Were the |)ituitarv 
the source of any such secretion, its extirpation would obviously 
])rovoke serious disturbances. With this organ interprett'd in 
accord with my views, i,e,, as a (‘o-ordinal ing t'cider acting 
through subsidiary cenku-s in the bulb caj>al)lc of assuming its 
functions incrcaisingly as these are being annulh^l by (Ik* pitui- 
tary lesion, absence of jmstoperative ('ompliciitions is explained. 

Again, the main evidence of tliose wlio believt* in llu* exist- 
ence of an internal secretion is based on tlu; ris(‘ of tlie blood- 
pressure observed after injections of ])iiuilary exiract. ^‘Accord- 
ing to Kohn,”^"'* writes Swale Vincent in his recent work,^"^* “theni 
is nothing to suggest that the posterior lobe has an internal sccih?- 
tion, in spite of all the results of exptu-imenis involving tlu^ injec- 
tion of extracts.^’ . . . “We have seen that th(‘ extracts liaving 
])owerfiil effect upon the blo<)d-])ressure and tlie flow of urine are 
obtained from tlie posterior lobe and not from the epitliidial layer 
xvhicli covers it. This view seems to lie borne out by tlie experi- 
ments of Franchini. Xow, the posterior lobe proper (excluding 
tliee])ithelial layer) consists of neuroglia, jiigrnent, and o(*easional 
nerve-cells.’’^ Swale Vincent then aptly remarks; “It is ex- 
tremely difficult to imagine how such a structui’e can be regarded 
as a secreting gland.’^ 

Pending additional evidence to this effect, and r(‘ferring the 
reader to preceding chajiter for testimony conc(‘rning the con- 
nection between the pituitary and the adrenals, the conclusion is 


submitted that 

The pituitary body contmns the yoverniruj renter of the 
parathyroid apparatus and adrenals, and co-ordinates the secre- 
tory activity of these organs. 


”»Kohn: MOnch. 
Swale Vincent: 


mrd Woch. Nu. 28, 1910. 

“Internal Secretion and the Ductless Glands, p. 401, 19115. 



CHAPTBE IV. 


DISEASES OP THE THYEOPARATHYEOID 
APPAEATUS. 

DTSOIIDKIIS DUE TO DEFICIENT ACTIVITY OF THE 
THYIlorAIlATI I YROID APPARATUS. 

In the light of the data and conchisions submitted in the 
preceding chapter, the plienomena awakened by functional dis- 
orders of any kind in the parathyroid apparatus should be of 
two kinds : those due to excessive functional activity now known 
as “hypertliyroidism,” and those due to inadequate functional 
activity, and designated as “hypothyroidism.” A third class, 
termed by Leopold-Levi and Eothschild “thyroid instability,” 
introduces both- the former types, but either in alternation or 
concotnitantly in the same subject. In the present chapter we 
shall consider the first type, viz., that in which, as stated in the 
above heading, the functions of the thyroparatbyroid apparatus 
are inndeciuate, in that the secretion it supplies the organism is 
insufficient to carry on nonnally the functions described in the 
foregoing pages. 

The classification of the disorders due to deficient activity 
of the thyroid apparatus being in its formative stage, so to say, 
many expressions and terms have been introduced, such as 
“thyroid insufficiency” or “inade(]uacy” ; “hypothyroidism,” or 
“attenuated,” “benign,” “incomplete myxeedema”; “myxoedeme 
fruste,” and others, to denote the milder forms of this disorder; 
and quite as many others to designate the severe forms con- 
sidered in the next chapter. None of these terms seem to me to 
interpret satisfactorily the morbid process in question. Re- 
stricting ourselves for the moment to the milder forms, such 
terms as “thyroid insufficiencjy” or “inadequacy” are too cumber- 
some ; “hypothyroidism” implies the presence of a habit such as 
“alcoholism” ; “incomplete myxmdcina” and “myxoedeme fruste” 
are not applicable in most instances of this disorder, since no 
myxoedema of the skin, mucous membranes, etc., is discernible. 

( 174 ) 
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Worst of all is the term ^‘athyrea/' which perverts the name of 
the glaiidj thjio- or thyroid ^ being necessary in eom]) 0 '^ilion 
to indicate a connection with the “shield-like cartilage/' It has 
appeared to ine^ theielore^ that tlie simplest term would fill our 
needs best, until tbe many morbid states and syndromes it 
covers will have been, to say the least, more accurately ideiitilied. 
Of all the terms available is that adapted from the Fren(‘h 
“hypothyroid ie,’" i.e,, hypoihyroidia, which also ])resents the 
advantage of corres])onding as to its tenninal with anemia, 
hyperchlorhydria, and many other terms in current use. 

As to the patliogenesis of this condition, it must also be 
said that at the present time little or no effort is made by writers 
to explain the manner in whicli tlivroid insulhcieni'y brings 
about each of its cliaracteristic symptoms. The functions I have 
attributed to the thyroid and to the adrenals in the prec(‘(ling 
cliapters enable us to do otherwise, in the ])res(‘nt eoniu'ction, 
therefore, it is essential to recall that, with these functions in 
abeyance or depressed, wo shall have to deal with thrc'o essential 
morbid factors : — 

1. Deficient tissue oxidation, the rate of metabolism and 
nutrition in all tissues, particularly thovse rich in j)hosphorus, 
such as the nervous systcmi, cellular nuclei, etc., being retarded. 

2. Deficient breaking down of waste products, fats, vie. 
(slowed metabolism entailing deficient catabolism), with ac- 
cumulation of fat, detritus, wastes, etc., in. the blood and tissues 
as a result. 

3. Deficient resistance of the body to infection and intoxica- 
tion, owing to insufficient production of opsonin (the thyro- 
parathyroid secretion) and of the other antitoxic and germicidal 
blood constituents and phagocytic cells, as a result ot tiie slowed 
metabolism in all organs j)roducing them. 

HYPOTHYROIDIA. 

(Chronic Benign Hypothyroitlia ; Hypothyroidism; Incomplete 
Myxopdema ; MyxiedOme Fruste. ) 

The term “hypothyroid ia” is intended to inelude all condi- 
tions of the organism that are due to deficiency of the thyro- 
parathyroid secretion, but not the advanced types of this condi- 
tion, such as myxoedeina and cretinism, which are reviewed 
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farther on. It includes the so-called “incomplcte^^ form, and, 
as such, is far more important clinically than even myx- 
ccdema, since, as we shall see, it forms part of, or complicates 
patliogenically, many diseases that we meet almost daily in 
practice. 

'Jdie history of liypothyroidia is linked with that of its more 
severe form, myxeedema. '^Fhe results of surgical removal of the 
tliyroid by the brothers lieverdin were reviewed early in the 
})receding chapter. The medical side of tlie question, as regards 
the milder form with which we are now concerned, was first 
described by J. 1^. tleverdin,^ one of the two brothers referred 
to al)()ve, in 1<S87, who gave it the name of myxwdhne frusU. 
Valuable articles on the subject were then contributed by 
Thibierge,- Chanternesse and Marie,-** Murray** and Brissaud,® and 
others, in wliicli many cases were i-eported, but that of Hertoghe,^ 
of Antwerp, in Avhich he tenned the disorder ^^chronic benign 
hyj)othyroidia” is worthy of special attention owing to the multi- 
])licity of clinical features introduced and the accuracy of the 
author’s conclusions. 

While many symptoms of hypothyroidia are witnessed in 
myxeedema, the latter in its typical form is a comparatively rare 
disease. The former is also thought to be infrequent, but this is 
merely because it generally passes unrecognized. This is mainly 
due to its classic association with the frank type of myxeedema, 
whicli leads the clinician to seek for the most salient symptoms, 
e.g., cutaneous myxeedema, dry skin, the mask-like face, etc. 
Not finding these ])honomena he transfers Ids analysis of the 
case to other possible morbid processes. In truth, the symptom- 
complex of hypothyroidia does not, in the great majority of 
cases, include the prominent symptoms of myxmderna. More- 
over, wliile the hitter disease is progressive when left untreated 
by modern methods, hypothyroidia is not; but it keeps the 
jiatient in a state of perpetual torment. The physician, failing to 
recognize the true identity of the trouble, leaves the patient a 
prey to acute suffering from so-called rheumatism, neuralgia, 

* Rt'vcrdln: Rovuo mt’d, do la Suisse Romande. vol. vll, p. 275, 1887. 

2 Thiblerge; Gazette dos hdpitaux, vol. Ixiv, p. 11.7, ISOi. 

* Chanternesse and Marie: Hull, et mem. de la Soc. m6d. des hdpitaux de 
Paris, vol. xi, p. 124. 1894. 

^ Murray: British Medical Journal, Oct. 1, 1898. 

“Brissaud: “Nouv. ieonographie de la Salpdtrifire,” p. 240. 1897. 

•Hertoghe: IhUl., p. 2fil, 1898. 
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tic douloureux, sciatica, etc. The suirerei* finally abandons treat- 
men t at least that ollered by medical men. 

Another perhaps still broader field in which the recognition 
of hypotliyroidia is of great practical importance is the process 
of development, physical and mental, of the child. We liave 
sufficient evidence of tlie elVects of athyroidia (com[)lele defi- 
ciency of normal tliyroparathyroid secretion) in (*retinism, f.r.. 
infantile myxeedema. That a reduction of the same' seendion 
sliould comproinise correspondingly tlie physical and immtal 
welfare of a child without necessarily branding it with tlie 
physical signs of ertdinism is an estalilished, though litlh^ rec- 
ognized, fact. Indeed, a large pro[)ortion of backward ('hildren 
and the oft-punished laggards of the class-room an* but sulTei’c'rs 
of hypotliyroidia. 

Finally, certain diseases, syphilis, tuberculosis, and other 
infections, and also certain abuses of the physical jiowers, such 
as multiple pregnancies, prolonged la(*tation, exci'ssivc* ven(‘r\\ 
or masturbation, so weaken the thyrojiarathyroid apparatus and 
the adrenals, with wdiich it is, we have seen, intimately linked 
functionally, that hypotliyroidia results. The r(*c()gnition ot* 
tliis condition as an underlying factor means not only a marki?d 
development of our diagnostic resoun'cs, but it all'ords also op- 
portunities for successful theraiieusis where, before*, failure was 
the rule. 

A definition which appears to me to facilitaie tin* recogni- 
tion of this disease is the following: — 

Ilypothyroidia is a com tit uii anal disease due to definenl 
functional activity of the thyroparathyvoid^^ apparatus, when the 
secretory activity of the latter is not sufficiently impaired to yire 
rise to the most advanced atid progiu^ssive type of the disease: 
myxwdema, Hie symptoms of hypothyroidia most frequently 
met with, separately or nnitedly, are: severe orripitnJ and inter- 
scapular pain, obesity with supraclamrular fat pads, hypother- 
mia, loss of hair and teeth, lassitude, stubborn constipation , and 
mental torpor, supplemented in children by slow physical, 
mental, and irregular sVeJeial development, enlargement of the 
lymphatic glands, and, occasionally, enuresis. 

Symptomatology. — The symjitornatology of hypothyroidia 
includes many of the symptoms of the asthenic disorders of 



178 


THYROPARATHYROID DISEASES. 


nutrition, but, as tliore exist many gradations of this condition, 
liypothyroidia representing as many degrees of tliyroparathyroid 
secretory acitivity, its symptoms are more or less prominent both 
in number «and intensity. 

Tliese patients usually apply for relief of pain of some kind, 
particularly pain in the back or in the occipital region, and oc- 
casionally for migraine or neuralgia. The ^‘backache^^ may con- 
sist of sacrolumbar ])ains, of coccygodynia, or in most instances 
of 'very severe deep-seated j)ain between the shoulder-blades, 
which rest in bed tends to aggravate rather than to improve. 
These phenomena are due to deficient catabolic activity, the 
blood being laden with toxic products — a known cause of such 
symptoms. That rest in bi^d should aggravate tlie condition is 
self-evident: it merely slows still more the oxidation process and 
thereby encourages the catabolic torpor. They complain of 
feeling fatigued, languid, somnolent on rising, and of being in 
every way worse; while, as the day wears on, their condition 
improves. Their temperature is low, and they (complain of 
always feeling cold, especially at the extremities. Their hands 
are flabby, damp, though cold chills may even be complained of. 
We have here an evidence of the slow metabolic activity referred 
to above, every sign of d(*licient oxidation l)eing present. This 
explains also why a copious meal, especially if it includes the 
use of ah'oholic bt;vei-ag('s, should be a souri^e of great relief in 
th(‘se cases, and why, also, they readily become addicted to the 
immoderate use of alcoliol as a “stimulant.’^ 

A close examination then reveals other morbid phenomena 
which are obviously due to the defective nutrition of all tissues 
which liypothyroidia entails. I'he patient appears much older 
than her agi3 — women (constituting a large projiortion of these 
cases. The hair may be prematurely gray, showing a marked 
tendency to fall in patcdies from the forehead and median line, 
which tends to become wider, and from the occiput. Tliis loss, 
which is attributed by the patient to the headaches, may be such 
as eventually to cause complete ah^pecia. In marked cases the 
hair may be coarse, dry, and brittle, as in the cretin. The eye- 
brows also show a tendency to fall, but, a characteristic sign of 
hvpothyroidia : the loss is limited to the externa] or outer ends. 
This shortening of the eyebrows and the occipital loss of hair 
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denote^ jointly, ratlier niarkat casos, ilioujdi tlu* sliortcMUMl oyo- 
brows are frequently met in the less stwere. In the former, the 
skin of the face may also appear infiltrated and he hard to the 
touch, as in myx(i.‘dema, its color hein^ waxy, with j)eiliaps a 
reddish patch below (?acli clieek-bone. Altliou^h the skin of the 
body may be normal, that of the legs, osiieeially below the kiu‘(^s, 
usually feels rough, rasj)-like, and may be scaly, the scales, which 
are readily detaclu'd, recalling dandnifT, which is also pri‘sent 
in most cases, l^ads of fat espi'cially jiromineiit over the clavicle 
seem characteristic of rather marked cases. Such symjitoms, 
which belong to true myxeedema, are rarely ohsiM*v(Ml, howi‘ver, 
though a waxy hue of the facial skin and jiuiry lids are not 
uncommon. 

Dyspmea or otqu’cssion, due to deficient oxygiaiation of the 
blood, is conqilained of on climbing stairs or during continued 
speaking. Iki![)itations, sometimes of a distn^ssing character and 
with severe jiain, may also oc(*ur. The lieart is often found 
dilated with weak systole and occasional murmurs, ddu* lilood- 
pressure is low, from 80 to 110 jum. Jig., and thi* ])ulse weak 
and rapid. All these symptoms are directly ti‘aci‘ahl(‘ to the 
existing impairment of the oxidation and nutrition, the cardiac 
and vascular muscles suffering from this eondition as well as all 
other organs. The l)lood-forming organs being aho inad(‘(|uately 
nourished, amemia is the rule, the erythrocytes being usually 
reduced to about ;3,000,000, witli more or less aiiisocyt<>sis. 
Every type of cellular alteration seems to have henm ohsiu-vcd in 
this disorder, but, as a rule, what changes oeeur are not very 
marked. The hannoglohin may be considerably reduced. 

The teetli, esi)ecially the molars, tend to hjM*ome loose and 
carious unduly early, owing to the deficient calcium and ])hos- 
phorus metabolism which deficient thyroparathvroid sccTction 
entails, and need the constant attention of the (hmtist, who, as a 
rule, informs them that they arc gouty — witli ‘hirie acid ’ as 
main cause of the dental trouble; — not a misleading statranent 
so far as the ^^gouty diathesis^’ is concerned, for it is closely 
linked also with hypothyroidia. The teeth are also exceedingly 
prone to become tartrous and require fr(‘qucnt eh'ansing. Where 
the teeth are neglected, as in the poor, tbev an* rapidly lost, 
frequent toothaclie causing them to be drawn. 1 lie gums tend 
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to bleed readily when brushed and to recede troin the teeth, 
and are red and swollen unless the toilet of the mouth be 
carefully attended to. 

The deficiency of germicidal activity (phagocytic and 
humoral) manifesting itself wliere protection is usually quite 
active, i.e., along mucous surfaces, the nMso|)haryngeal mucous 
membrane is also a|)t to be congested through the local accumula- 
tion of germs, the tonsils showing, for the same reason, a pre- 
dilection to acute inllammation. The nasal mucosa is often 
found turgescent, owing to passive congestion of the underlying 
tissues. This gives tlie voice the nasal ‘Twang,'” but it may also 
be husky or otherwise modified or veiled, through infiltration of 
tlic laryngeal mucosa. Tlie singing voice tends to be false from 
the same cause, especially during the inenstrual period. A 
^Trick” in tlie larynx is commonly complained of. 

Deficient metabolism and nutidtion account for the general 
asthenia with lassitude and weakness of the knees, Avhich is 
pres(‘nt in practi(*ally all cases. Fibrillary motions of the 
muscles and trembling occur in severe cases from the same cause. 
(k)nstipation due to deficient peristalsis is also the rule, and it is 
often sufliciently obstinate to demand constant purgation — 
which tends to increase the intestinal torpor. Fecal imjiaclion 
is not uncommon. The liver is passively congested and enlarged 
— a fact due to the low general vascular tension which 
explains also the presence of varicose veins, varicocele, and 
kindred vascular disorders frequently observed in tliese cases. 
They seem also to sufl'er frequently from biliary or renal calculi, 
a condition due mainly to deficient germicidal activity of the 
blood. The urine is often high-colored and scanty, and occa- 
sionally contains albumin, casts, sugar, or blood. 

Flat-f(K)t is sometimes observed, a condition due to relaxa- 
tion of the interosseous muscular and ligamentous supports; 
fmtid hyperidrosis is also marked in some cases. The osseous 
framework is often defective, ^‘pigeon-breasts,” narrow chests, 
and a predisposition to caries being common. 

Tlie organs of generation are often the seat of functional 
disorders. The uterus is often found retroflexed. Impotence or 
loss of sexual desire is common. Amenorrhcca is common, but 
metrorrhagia may also occur, owing to the low vascular tone, 
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particularly of tlic arterioles. In one of my eases, a ^irl of !(> 
years, there was what the i»arents termed eonstant leak," i.r., 
a sliglit, but continuous menorrhagia. In the niah‘, s|K‘nna- 
torrhtea and prostatic hypertrophy are often witnessed. :\len- 
striiation sometimes lails to ap]>ear, espc'cially in eong(*nital 
cases, owing to inade(piate development. The menstrual juu'iod 
is attended by severe lumbosacral ]iains. Pregnancy oft(*n af- 
fords considerable relied' of all sym]>toms, owing to tlu‘ fact that 
the activity of the thyroparathyroid ap])aratus isgr(‘aily (‘nhanced, 
though it may be attended by Juemorrhages. Parturition is like- 
wise accompanied by copious luemorrhages in a larger proportion 
of cases; sucli parturients are exposed also to eclam|)sia, owing 
to imperfect catabolism of toxic; wasters. 

Lactation may act in dilfcuxait ways. The pallor tends to 
increase in some, and (cdeina, ('sj)ecially of the aid<les, amemia, 
lassitude, and intellectual tor])or may intiu’vtme and last until 
tlie infant is W'eaned. As milk is mainly (omposed of blood- 
idasma containing adrenoxidasu (as shown by tiu; guaiac and 
otiuu’ tests), lactation inpmses increased activity upon <h(^ 
adrenals. These organs being weakened by the hy|)othyroidia, 
W'C have seen, all the above bamiorrhagic plumomena occur. In 
other cases there is marked imj)rovement <luring the whole 
period, and the sym])toms of hy])othyroidia ndurn only afbu* the 
secredion of milk ceascjs. In oc'casional (visi's, llu‘ im])rovem(*nl 
is permanent. 

Hallucinations of sight — as of small animals running 
across the room— and liearing, rund)ling noises or run ni Jig 
w^ater, and various forms of tinnitus may occur. 1di(‘S(‘ an* due 
to the same loss of vascular tone, and imjKU-fect circuhilitm in 
the scnsoiy organs. 

Melancliolia oi', at least, an unconti’ollable sadness, due to 
deficient nutrition of the cerebrum, is often w itnessc'd in severe 
cases, especially during menopause. Maniacal excitennmt is oc- 
casionally observed, owing probably to accunmlation of toxic 
wastes in tlie lilood. The mind, even in the inildci- cases, is 
usually obtuse, in tlie sense that they lack esprit,, i.e,, the ahility 
to grasp the finer points of an argument or of a rpu'stion treated 
in the abstract, but they arc not in any w^ay com]>arablc to true 
myxoedematous subjects in this particular, some of whom ap- 
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proach closely the mental status of cretins. Like the latter, 
however, even average cases may have the arclicd brow and 
wrinkled forehead, the expressionless and sorrowful face, though 
to all intents and purposes of average commonplace intelligence. 
In most instances, however, none of these purely myxoedematous 
features can be discerned and a high grade of intelligence even 
exist, as in one of my cases, whose family — including a high- 
grade imbecile brother — and descendants show distinct traces of 
hypothyroidia. 

The thyroid affords very little information under physical 
examination in these cases. One lobe may feel smaller than the 
other when, on the jjatient being asked to swallow, the organ is 
raised under the palpating fingers; the organ may seem unusually 
small, and the neck unusually flat; but again, it may appear 
enlarged. On the whole, tlie organic clianges are not such in 
these cases as to alter sufficiently the outline of the organ to 
furnish any serious diagnostic aid. 

Most authors refer to the disease as one of middle life, but 
this is an error. This type of hypothyroidia occurs frequently, 
we have seen, among children, and represents a large proportion 
of those termed ‘fliackward” in the schools, and among those 
accused of being “slow,” and “dull.” This applies as 

well to adolescence, particularly, as in children, in those who are 
abnormally stout. All these cases may not present the syndrome 
just described; it is, in fact, rarely met with in any one case, but 
the superfluous fat, the mental torpor, the slow development, and 
the carious teeth are sufficient to indicate that the oxidations and 
metabolism are inadequate. The familiar influence of thyroid 
preparations on adiposis also points to hypothyroidia as the 
underlying cause of this condition. It may also assert its 
presence through a few phenomena of another order in a bright 
child, to-wit: irregular bony growth, a slight scoliosis perhaps, 
or tnie rachitis, flat feet, a narrow thorax, some pallor, hypo- 
thermia, undue vulnerability to infection, or one or more of the 
many other symptoms described above. Some, on reaching the 
fourth or fifth decade — particularly women approaching or 
undergoing the menopause — begin to show typical symptoms and 
soon lapse into full-fledged cases — ^recalling that several of the 
symptoms now revealed as part of complete syndrome, sensitive- 
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ness to cold, neuralgia, aiuvinia, imMiorrhagia, I'tt*., had luvri 
present many years. 

Etiology and rATiioLOGY.— The causes of hy]u)ihyroitlia 
may be divided into two (■]a^ses, the Imreditary and ae<|uiivd. 

The most im])ortant causes which entail del‘c(‘tive 

development, morphologi(*al and secretory, are syphilis, alcohol- 
ism and the gouty diatliesis. Even far hack in ih(‘ ])arcntal lint's 
on either side, tliese transmit their influence tliioiigh tlie inter- 
mediary of the ductless glands, especially the thyroid, adrenals, 
and pituitary body, uliicli, jointly, in tlu' light of the data sub- 
mitted, carry on oxidation and metabolism and tlius ('onstituto, 
so to say, the tripod of the vital process, d'he materjial line is 
generally tliouglii to transmit iiypoihyroidia in the majority of 
instances. It liapj)ens that soim? of the most marked cases I 
have had were clearly trac'cahle only througli tlie paternal 
ajicestry — three generations in one instaiU'e. Consanguinity in 
marriage pro))ahly owes its evil (‘tfecds to tlu^ presenci' in the 
family of one of tlie di'terioraiing diseases mentioned. Con- 
versely, marriage of a girl sidfering from a mild ty|)e of func- 
tional liypothyroidia sometimes brings on roeovi'ry if jiregnaney 
occurs, the increased, activity of the thyroid ajiparaius this 
entails causing it to develop its functional ])owers to the maxi- 
mum needs of the subject, d'luit the a<lrenals are also ovt'raeiive 
under these conditions^ — tlins sustaining from another direction 
my view that the adrenals are stimulated by, and eoncomitanlly 
with, the thyroid — was recently emphasized hy (he ohservalion 
of Xeii," who found an excess of the adrenal jiroduct in tlie hlood 
throughout the entire period of gestation. 

The acquired fonn is often due to the itientieal factor just 
referred to as a curative one in some iristaiic(*s. d’he repetition 
of pregnancy too many times may not only cause reeui‘renc<* of 
hypothyroidia by exhausting the thyroid ajiparatus, hut it may 
likewise do so in a woman previously free of any (Iisord(;r of the 
ductless glands. Prolonged lactation acts in a similar way, the 
maternal milk serving, we have seen, to protect tho niirsliug 
against infection. Infectious diseases, espec ially tliose oi ^diild- 
hood, including the milder ones, measles and mumps, and like- 
wise variola and typhoid, may also produce hypotliyroidia hv 

^ Neu: Medlclnlsch^ Kllnlk, Nov. 3, 1910. 
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causing interstitial and parenchymatous lesions which lead to 
sclerosis and atro|)I]y. The resulting plienomena are propor- 
tionate, of course, with the degree to which the functions of the 
thyroid are inhibited. These may occur in the midst of the 
disease, the child failing tlioreafter to grow physically and 
mentally at the normal rate and becoming flabby and pale, and 
showing the tv])ical sym[)toms of functional hypotliyroidia — if 
not its more advanced stage, cretinoid infantilism. Traumatism 
of the thyroid may also produce it. Amenorrhea, as noted by 
Maefarlane”*'^ may be the salient symptom of the disorder. 

Old ago stands a|)art j^erhaps from these two classes in that 
it is normal to all living things; but the thyroid apparatus stands 
pre-eminently, we have seen, as the underlying factor in this 
connection, according to Loraml,*^ who trac-es the cause of senility 
back to tluj thyroid, N’ictor Iforsley, Hale White,*’ hlrdheim, and 
otliers liaving found tliis (u-gan atrophied, and (*ontaining con- 
nective tissue, in aged subjects. This was found to occur as 
early as the fiftu'th year in the seventy thyroids examined by 
White. As noted by Erdheim, the same evidences of degenera- 
tion a])pear in the paralhyroids. I look upon coneomilant 
changes in all the. organs of the adrenal system, the thyroid, 
adrenals, and pituitary, as the underlying cause of senility. 

The sym])tomatology of seidlity and that of atrophy of the 
thyroid gland ]U‘esent considerahle resemblance, as T/opold- 
Levi'" holds to liyjmthyroidia ; the wrinkled, dry skin, the sul)- 
normal tern j>era lure, the alo|)eeia, the thinning of the eyebrows, 
tlie loss of teeth, the anorexia and (•onsti|)ation, the diurnal 
somnolence, the su])pression of the menses and of tlic sexual 
function, the vague muscular ])ains, Ihe eu feebleinent of all 
functions, and the teudonev to degeneration, ])artieularly of the 
vessels, being eonnnon to both eondiiions. 

Tupatment. — KSmall doses of thyroid cause gradual disap- 
pearance of the morbid ])heiiomena, wliile large doses may 
aggravate tlicm. As emphasized by Hertoghe, the actual secre- 
tory activity of the thyj’oid apparatus is an unknown quantity, 
and large doses, by suddenly bringing on headache, pain over the 

Mncfarlaiie: Jour, of the Am. Med. Assoc., Feb. 3, 1912. 

® Lorand: “Old Age Deferred," p. 91, 1910. 

® White: Med. Chirur. Trans., vol. Ixxi, p. 182. 

Leopold-L6vi: Jour, de m^d, de Paris, No. 26, 1909. 
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kidney’s, articular, muscular, and hepatic pains and anorexia — 
to which I would add a rapid ])nlse, lever, a lendenev ti^ taint, 
tremors, and increase of the existing dys[>n(ea — merely serve to 
frighten the patient and cause unjust ihed (*ondemnalion of the 
treatment. Tlie treatment should he j)ersisied in for years if 
need be, as emphasi^^ed by a case reported by (t. K. 

One grain of tlie desiccated thyroid gland during meals is 
suHiciont to begin with in an adult. 'IMiis may be gradually 
increased until 2-grain (0.132 (^in.) doses are given. Ihilienls 
seldom stand larger doses well, and tlu^se are only warranted 
when the prolonged use of the smaller fails to improve the 
])atiejit. Often when improvement is not noticed the fault lies 
with the preparation administered ; a change should then he 
made. In mild cases one-half of the ahove (los<*s often sulliee. 

When the aiucinia is profound, the ellVets of treatment are 
enlianced by giving desieeated adrenal gland, 2 graiiis (().i:)2 
(5m.), and a small dose of iron, 1 grain (0.0<>() (5m.) of IMaiuVs 
pill, with each dose of thyroid. Such a small (lose of iron does 
not increase constipation, and contributes to the rapid building 
up of the lunmoglobin molecule. The thre(‘ agcmls can lx* given 
in a capsule. Tlie constipation slmuld ree(‘ive cand’nl att(‘ntion. 
High injections of saline solution two or three tinu's a wi‘ek an* 
sometimes necessary in severe cases to evacuate comj)l('t(‘ly the 
lower bowel. This measure may be resorted to tin* first three or 
four weeks if ne(Mled, and r(*])laeed In- glycerin snpj)nsit()ri(*s 
until a free motion ocTurs daily. I^siially the fourth week of 
thyroid treatment is attended by eonsi(h*rahh* pr()gn‘ss in this 
and all other din‘('tions. Saline aperients ai’c to he preferred 
if purgation per ora heeoines necessary. Opiates aj’e harmiui. 

AIYXCKDEMA, OU I’KOUUKSS! VE H VE( )TII Vnoi DTA. 

In this disease we have the maxim iini expression ol pro- 
gressive hypothyroid ia, as it develops after the pro(M*ss of Ixxly 
growth has been accomplished, i.e.., in the adult. W hen the 
corresponding disorder occurs during childhood or a(U>les('<*nee, 
it stunts growth of body and mind and is then known as end- 
inism, treated under the next heading. 

* G. E. Price: American Medicine^ Aug., 1911. 
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The marked inhibition of the thyroparatliyroid functions 
tliat cliaracterizes this disease is graphically illustrated in its 
symptomatology when these functions are interpreted from my 
viewpoint. The great diminution of the thyroparatliyroid 
secretion correspondingly impairs the sensibility of all phos- 
phorus-laden structures, particularly the nuclei of all cells, the 
nervous system, and the adrenals, to the oxidase of the blood. 
There results, tlnucd'ore, general retardation of metabolism, par- 
ticularly its catabolic phase; this is well exemplified by the 
hypothermal iihenomena, the general functional torpor, the 
accumulation of fat, and the extravasation of fluids which con- 
stitute the cutaneous (edema, the latter being due mainly to 
})assjve relaxation of the peri])heral blood-vessels. Wastes, 
d(*tritus, etc., accumulate in tlui blood also as a result of defective 
catabolism, giving rise to ‘hdKiumatic’- and cutan(H)us disorders. 
Tlie dystrophies of various kinds with a marked tendency to 
dt‘generative ju’ocesses invariably witnessed in this disorder are 
also normal results of defective metabolism. Considered in this 
light the disease may be defined as follows: — • 

Myxmlvma us a fanciioual disease due to rnarhed or com- 
plete hypolhyroidia when the latter occurs after puberty, it in 
characterized by de/icient oxidation and calubo/isni, the main 
symptoms of which are hypothermia, infiltration^ and swelling 
of the cutffneous tissues^ including those of the face, increase in 
weight, dryness of the skin, marked, weakness, and mental torpor. 

Symi'TOXIATolooy AND l^VTiiooKNEsrs. — The deficient oxy- 
genation is well exemjilificd by the correspondingly depressed heat 
])roduction. ^riiese ])atients suffer almost continuously from 
cold ; their temperatun', both oral and rectal, being always sub- 
normal — as low as Dd'’ F. in some instances — unless some fever 
be jiresent. In a ease observed by Ifun and Pruddem, the 
temperature fell steadily until it reached 66° F., before death. 
The least exposure to cold causes the lips, nose, ears, and finger- 
tips to become cyanotic; hence the abundance of covering wdth 
which these cases are found provided. The extremities are, as a 
rule, cold and often purple or livid. This is partly due, how- 
ever, to the cardio-vascular weakness referred to below. 

The deficient metabolism and functional activity is well 
exemplified by its influence on the cardio-vascular system, the 



MYXCEDEMA. 


1S7 


ifuiictioTial torpor of wliicli (])cirtly due to similar coiulition oC 
the vaso-inotor system) gives rise to the pre-einiiu'iii svni|)iom 
of the disease: tlie peculiar tedema of tlie skin and nnicous 
inernbranes. Tin's ])heTK)nienon, which led Ord to designate it 
"hnyxiedema/" is a ‘\ielly-like swelling;’ as lie tiu-ined it, which 
causes the body, particularly the face and suprascapular r(\gions 
— commonly the seat of cushions or pads — to l)('(‘ome irregularly 
swollen. The infillrah'd tissues are elastic, lirm, and resistant, 
but do not pit on pressure, as in true (edema, .tlunigh tluyv 
vibrato under lateral stroking. At first the swelling may dis- 
appear temporarily or change situation, but aftei- a time it 
becomes permamuit. ^riie abdominal walls lieing lik(‘wis(* af- 
fected, the abdonuni appears enlarg(‘d and pendulous, with mon- 
or less ]irojection (d* tlu‘ umbili(ais, and sound imes ascites. Tie* 
genitalia are similarly tiinudicd as a rul(‘. Th(‘ hands are also 
thickened and sonudimes spad(^-like; tlu' nails are brittle and 
thin, sonudimes abnormally cinwe(l and ridged, and occasionally 
undergo atrojdiy. A similar (‘ondition »nay allVcd; tin* toes. 1die 
forearms, logs, and ('(‘ct are also the S(‘at of swellings. 

The skin, its glaudular elcnnmis and ih(‘ hair, all show 
(dearly the elfetds of defeet iye trophic* conditions, ddie skin, 
mainly owing to the ai*rest of its sc'hacc'ons and sweat glands, is 
dry, rough, and s(*aly, though that of the face may \n) ndatively 
smooth. It may des(]namato in flakc's or in tin' form of a fine 
powder. Patcdies of pigmentation varying from yellowish brown 
to the actual bronzing of Addison’s disease (thus ail'ording addi- 
tional pr(K)f of the ])arliei|)ation of the adnmals in tin* fumdional 
torpor) are occasionally witiu'ssed. 

The hair also cliangc's in appearance; it. i)('comes coars(\ 
lusterless, and breaks (*asily. Ft is gradually lost, falling out in 
patc'hes, at first wlu're the traction ath'iiding the use of tin? 
comb is greatest, where the liair is partc'd, the brow, and the 
occiput. The lashes and eyebrows are also lost in part, along 
with the hair of tlie rest of the body. 

As a result of the ciitam^ous thickening and infiltration, the 
face bec'omes coarse, exprc'ssionless, and mask-like. 1die li])s, 
greatly thickened, are nsnally evanosed and cause* the mouth to 
appear greatly enlarged. The color of the skin is yedlowish or 
wax-like, a circumscribed patcli of redness beiug present, as a 
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rule, below each che('k-l>ono. The nose is cold, the tip being 
soinetiuics cyanosed ; it appears broad and flat through thicken- 
ing of the nostrils, ears, being in a similar condition, are 

likewise enlarged ; tlie auditory meatus, however, is narrowed by 
its tliickeiied walls, causing more or less deafness. The lids 
droo]) over the eyeballs — though cAophtlialmiis may occur, due 
to jirimary exophthalmic goiter — causing the jiatient to appear 
slee])y, while an eifort to raise the u|)per lid is manifested by 
elevalion of the cyel)alls. There is usually considerable lacliry- 
niation, due to glandular leakage. 

The mucous membranes being involved, as is the skin, those 
of the mouth and naso-])haryng(‘al cavitio's appear pale and 
tumefied. '^Idiat of the cheeks is indented by the tc'cth, against 
which it presses, and is sometimes bithm ; this applies also to 
the tongue. The teeth tend to decay, and may become black 
within a comparatively short period, owing mainly to deficient 
calcium melal)olism, or readily break off and fall out. This is 
greatly aggravated by the recession of tlie gums arul the readi- 
ness with which these structures tend to ulcerate and bleed. 
Stubborn stomatitis, with free salivation, dribbling from the 
corners of the mouth, and erosions of the buccab ])haryngeal, and 
laryngo-tracheal membrane, may appear. (Edema of the larynx 
is not infreciuently a cause of death. Tn some cases, however, 
the whole oral cavity is uncomfortably dry. The entire alimen- 
tary canal, down to the rectum, is also more or less infiltrated, 
c'ausing anorexia, gastro-intestinal disorders, and constipation, 
which may altt'rnate with attacks of diarrlKca. There is, as a 
rule, a profound distaste for meat, which in fact is toxic in a 
measure to tliese cases — as it is in thyroidectoinizcd animals — 
owing to their impaired antitoxic functions. 

The tumefaction of the oral mucous membrane and of the 
palate, tongue, and lips renders enuiK'iation very imperfect and 
jerky; this condition being aggravated by the narrowing of the 
naso-])haryngeal lumen, it gives what voice there is a ^hiasaP’ 
character. It is also rendered coarse and low, that of a woman 
being sometimes lowered sufficiently in pitch to recall that of a 
man. Ajiproxirnation of tlie cords being rendered difflcnlt by 
the tumefaction, speaking sometimes requires considerable effort. 
The slow intellection from which these cases suffer — owing to 
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difficult mctabolisru of the organ of mind — increases greatlv the 
trouble they experience in nnderstanding ijnestions ami ex- 
pressing their wants and ideas, a fact which oftiai r(‘nd(*rs Ihem 
extromely irritable. JMeutal disorders ai*e fretjiuait in lh(‘se 
cases. Total lack of interest in their surroundings, somnoleuci', 
and amnesia are commonly observed. 

The deficient oxidation of all muscular elements entails a 
corresponding weakness. (Ireat lassitude with exhaustion upon 
the slightest exertion is the rule. Some cases are unahlii to raise 
the head at all or to stand. Others la}>se into paralysis. Fibril- 
lar}" tremor and muscadar quivering are often uotiiaMl. Loc'omo- 
tiori is tentative, often waddling; missteps an' fnMpK'ut, la'ing 
produced by a slight ol)sta('le. The ataxic gait may prevail; Hit* 
motions of the arm are also uncertain and unsteady in sulli- 
cieiitly advanced cases. Although ihi' ])aralhyroids have hi'en 
found sclerosed along with the thyroid in ilu'se c-ases, tetany is 
very rarely observed — a fact which furilu'i* suggests the fmic- 
tional unity of these organs. 

Sensation being, as a rule, mark(*dly impaired, while tlu' 
finger-joints are stilfened, tlu' usefulness of ihe hands is grc'atly 
compromised. Small objects are held with considc'rahle dilli- 
culty, and easily dropped, while such dimiimiivi' articles as |)ins, 
needles, and even small buttons are not fVlt at all. Tingling, 
formication, and pruritus are often complained (d*. Although 
cutaneous sensibility is greatly impaired, pain in flu* museh's 
and joints, neuralgia, and marked headache h)calL/e<l in most 
instances in the occipital region occur in about one-half of the 
cases. These are due to the accumulation of toxic inierni('diat(' 
waste products in the lilood, owing to tlie (h'ficienl antitoxic 
power of the latter. 

The senses of smell and taste are commonly impaired or 
perverted, the patient complaining of foul odors, a bitlor or acid 
taste, etc. A^ertigo is a relatively frequent symptom. Ihe vision 
is occasionally dimmed and optic atrojdiy has boen obsi'rvod. 
Tinnitus aurium is not uncommon, and the hearing is impaired 
in the majority of cases. 

Hamiorrhages from one or more organs are common. 
Epistaxis, haemoptysis; bleeding at the gums, which may prove 
severe on extracting a tooth; intestinal, Titerine, and even C(!ie- 
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bral liiemorrhages may occur. Probably the most common, 
however, is menorrhagia. Postpartum haanorrhages are also 
common in these cases. The menstruation is irregular, as a rule, 
and often ceases altogetlier until appropriate treatment pro- 
cures recovery. This condition is mainly due to the poverty of 
the blood in fibrin ferment, as shown by the prolonged coagula- 
tion time, and to tlio relaxation and pseudo-fatty changes 
(^‘pseudo” because they are tem])orary) throughout the cardio- 
vascular system. Tt is aggravated by the weak heart action, 
especially in advanced case's, in which tlie heart is deprived of 
the aid tfie adrenal secretion affords its muscular elements. The 
pulvse is slow and weak and sometimes quite difficult to locate. 
The vis-a-lvrgo motion of the blood in the peripheral capillaries 
is slowed to a marked degree as soon as the disease has reached 
beyond the initial stage. To this is mainly due, in fact, the 
dense cedema which is the most evident characteristic of the 
disease. 

The specific' gravity of tlie urine varies but little; on tlio 
whole, liowever, it is somewhat reduced ; but the urea excretion 
is diminished’ in most cases, and markedly so when the disease 
is advaiUH'd. In the latter (aise, l)oth albuminuria and glycosuria 
(probably alimentarv) may occur, but disappear when the 
thyroid treatment is instituted. Casts are also found in advanced 
cases. 

Myxeedema |)rogresses slowly, a case lasting, as a rule, from 
six to twenty years, unless the patient is carried off through some 
intercurrent trouble, which is often the case. Tuberculosis and 
jmeumonia are the infections to which tliey seem to be especially 
vulnerable — owing to the enfeebled condition of their auto- 
defensive resources. Nephritis, pericarditis, and cerebral haemor- 
rhage seem to be next . in the order of frequency. Periods of 
amelioration sometimes occur, but sooner or later the patient 
relapses into his previous state, and gradually dies of exhaustion. 
Parely, especially in young adults, the disease may mn its course 
ill less than six months. 

Acute myxoedema with prompt death may occur as the 
result of sudden arrest of the functions of the thyroid. In a 
case reported by Lloyd, the disease proved fatal in a few days. 
In another instance it occurred as the result of an injury to the 
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thyroid. It may appear as a sudden complication of goiter ; it 
is prol)able, however, tliat under these conditions we are denlin^ 
with some toxmmia of tliyroid origin rather than witli true 
myxcedema, since we know that even extirpation of the tliyroid 
does not produce death rapidly. • 

The thyroid gland is distinctly reduced in si:ce in about To 
per cent, of the cases of myxtedema, its outline being hanllv 
discernible by palpation in some of these. (kmvers(‘ly, soini' are 
abnormally large at first, and many then gradually atrophy 
irregularly, the portion which fails to decrease in size Ixdng 
resistant to pressure. 

Etioloov and Patiio(ienj-:sis. — Women are miicli more 
liable to the disease than men, i.e., it occurs about six times in 
women to once in men, and it may dev(‘lop at any time of life, 
though tlie period between the thirtieth and sixtieth years shows 
by far the largest proportion of cases. There is a marked familial 
influence, some families showing several cases. While hypo- 
thyroidia, alcoholism, and syphilis are likely to be the predomi- 
nant parental factors in progressive hy[)othyroidia or true 
myxoedema, tuberculosis and neuroses are met with miu*h more 
freipiently in the family antecedents of the ])atiiait. Tluj main 
causes appear to be rapid child-bearing, tlu; menopause, worry, 
mental shocks, and injuries, especially to tlu? head. Neoplasms, 
fungi, and entozoa capable of destroying or inhibiting a sulli- 
cient area of the gland have also been known to cause; the 
disease. 

Pathology. — ’^J'he characteristic lesion in the thyroid is 
atrophy, due to the development of flbrous tissue, the ghnulular 
elements of the organ being reduced in proportion. It may 
follow local inflammatory lesions in connection with acute artic- 
ular rheumatism, erysipelas, syphilis, actinomycosis, cancer, an 
acute thyroiditis, local injuries, e;tc., which serve to destroy a 
part of the glandular parenchyma, and annul in proportion its 
secretory functions. Excessive child-bearing, shock, and the 
menopause can hardly be regarded as causes of an inflammatory 
process, however, and it is probable that we are dealing, in this 
connection, rather with functional exlianstion of the organ, or 
with an endarteritis or periarteritis of its vascular supply. 
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Tueatihent. — The use of tliyroid gland in this disease, in- 
troduced by Murray, is riglitly considered one of the great steps 
in inodern niedicine. As in the case of hypothyroidia, however, 
large doses should not be used; this rule is all the more appli- 
cable to rnyxaHleina in view of the marked relative weakness of 
the sul)jects. Again, exertion of any kind should be avoided 
while taking thyroid ; two of Dr. Murray’s cases died of syncope 
during active exercise taken too early after a prolonged treat- 
ment, though it must be said that he used larger doses than arc 
now recommended. One grain (O.Obb Gm.) of the desiccated 
thyroid, three times daily, sulfices to begin wiih; tliis dose may 
be gradually increased grain (O.Od;) Gm.) until 2 grains 
(O.ldg Gm.) are given at each meal, and until the temperature 
is raised to norinah If this is exceeded the dose should be 
reduced to lYj grains (0.099 Gm.) or less. The pulse should 
also be watched, an increase of fifteen beats indicating the need 
of reducing the dose. 1 prefer these divided doses to the single 
daily, l)ut correspondingly larger, dose recommended by some 
observers, as the latter ha-s seemed to me to increase the likeli- 
hood of untoward effects. Cases vary considerably in this 
ros])ect, however, and the tolerance of each case should be care- 
fully studied. Tho. patient should spend his time in an arni- 
cliair during the da}", at first, if possible, in the open air, and 
begin to walk around only when his temperature and pulse 
IxH'ome normal. 

The effect of the remedy is to cause gradual disappearance 
of all tbe morbid symploms, but if its use is discontinued they 
as surely return. Ihvo grains Gm.) daily suffice, how- 

ever, to perpetuate the recovery in most instances. Before the 
introduction of the thyroid treatinent, the disease was fatal in 
practically (‘very instance. Grafting of thyroid is now used 
successfully to prevent the need of constantly taking thyroid 
gland. The measure is dcscrilx^d on page 200. 

When the asthenia is marked and the heart, as is usually 
the case under these (‘onditions, is (‘onsiderably dilated, a small 
dose of digitalin, grain (0.0033 Gm.), three times daily, or 
the desiccated suprarenal gland of the IT. S. P., or, better, the 
pituitary gland, 1 grain (O.OfiO Gm.) during meals, greatly 
hastens the curative jiroccss. 
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INFANTILE MYXCEDEMA, Oil CHEITNIS^F. 

Althougli cretinism is, like myAtedema, due lo loss or iin- 
jiairnieiit of the functions of the thyroid ai)i)Mratus, its syin])1o- 
inatology differs in many respects from tluit of myx<vMlema, 
because, as previously stated, it occurs during tlie period of life 
when growth and development, physical and mental, are most 
active, i.e.^ between birth and puberty, whereas mvxiedemu in- 
cludes only cases that occur after ))ub('rty. In c'retinism we 
witness the results of defective oxidation and metabolisni of 
cellular proteids and fats at a time when the l.)uilding up or 
anabolic phase is exceptionally active, and, as a result, arrest of 
physical and mental growth. The following definition seems to 
me to include the main features of the diseasi*: — 

Inftuitile nnjxa’denta , or creiinisni, is it fttnrfiotiiililiseiisrilttr 
to rnarhed or complete hypoiliyroidin durinif ihr period, bchreen 
birth and puberty. It is due to delicient oxidation and is char- 
arierized by retardation of physical and menial developmenl , the 
main symptoms of which are: sinnied growth, the rretinic facies 
with flattened nose, thickened lips and tongue, a harsh skin, and 
more or Jess advanced idiocy, 

Syxiitomatol()(5Y and Pathocjknksts. — T1h‘ dis(‘ase may 
develop in utero, but it is seldom recognized l)efore tlu' first 
month. The attention is drawn to Ihe child through the fact that 
it fails to grow at the average rate either physically or mentally. 
Its tongue is then noticed to be unusually thick — sulli(‘i(‘TitIy so, 
in some instances, to project l)eyond the lips at all iiiiu'S, fill the 
oral cavity, and interfere Avith the res})iration wluai the child li(‘s 
in tlie recumbent position. 

Closer examination then reveals the symptoms witru'ssed in 
adult myx(edema. The “jelly-like sAvelling^” of Ord, ('oupled 
Avith the yellowish, white, or waxy pallor, tlie rough, dry, and 
scaly skin, so unlike that of a normal child, is clearly defined, 
tliough the. puffy face retains some of its srnootlmess. 1 lu^ 
fontanelles remain patent unusually long. The teatur(‘s of the 
cretin are, as a rule, repulsiA^e, though pitiful. The swollen, 
often wrinkled brow; the puffy lids, Avhich reduce the Avatery 
eyes to mere slits; the “saddle-back,” or depressed, nose with its 
Avide and thick aloe; the swollen, erect cars; the large and drooling 
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nor laughs. It is absolutely apathetic, sits quietly without 
manifesting any special wants. It may, liowever, show signs of 
hunger or thirst, either by crying like an infant or by grunts 
or inarticulate sounds. In a higher grade, a few words may be 
spoken, there is recognition of parents and familiar faces and 
even a show of affection for them, but beyond the limited 
vocabulary no progress can be made, even the alphabet being 
beyond them. Still higher grades may speak fairly well, be free, 
though slow and deliberate, in their movements, etc., but fail to 
develo]) thereafter, even if they attain old age, which is not often 
the case. 

The brothers Wenzel liave divided these cases into three 
classes: the crciim, who are unable to speak, and lead a purely 
vegetative life; the seini-cretins, who are simple-minded, but 
whose language is limited and imperfect; and the cretinoids, who 
are endowed with some intelligence, but show the physical signs 
of cretinism. There is another type, the inongolian, called thus 
because of their slanting eyes, which closely resembles the cretin 
of a higher order, but this type shows more intelligence and seldom 
yields to the effects of thyroid preparations. 

The thyroid, in about two-thirds of the cases, is more or less 
atrophied, to such a degree in some that it cannot be detected by 
palpation. In the remaining third, and usually in the endemic 
cases, there exists a more or less developed (sometimes volumi- 
nous) goiter. 

I^TIOLOGY.- — It becomes necessary in tliis connection to dis- 
tinguish between the two general classes, endemic and sporadic 
cretinism. 

Endemic cretinmn, often a family disease, and observed in 
a number of cases in special localities, is believed to be due to 
some chemical substance or micTo-organism peculiar to the waters 
available in those regions. 

This type has been connected with special localities by 
proofs from various directions. Not only is cretinism common 
in these regions, but normal individuals may, on moving to 
them, have cretinic children therein, and normal children in 
healthy regions. Again, animals from the latter were found to 
develop goiters (the preliminary cause of endemic cretinism) 
in the contaminating districts by drinking their water, while this 
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water carried afar to healthy localities and given to clogs as sole 
beverage also caused goiter in these animals. Wlietlier it is a 
mineral salt, a vegetable mold or some other iDatliogcnic micro- 
organism is not established, but for the time being the germ 
theory seems to prevail. 

The question of heredity in these cases is a debated one. 
We have seen under ^'hypothyroidia’^ that syphilis and alcohol- 
ism tend to leave their imprint upon tlie thyroids of descendants. 
Some oppose this view in respect to cretinism on the ground tliat 
the positive signs of cretinism only appear when tlic child is 
weaned, and contaminating water is given to it. Jlut this is 
obviously wrong: Cretinism can readily be d(d:e(ded in a diild 
one month old and earlier hy observers who are tlioroughly 
familiar with the mor1>id effects of ]iy])otli\Toidia. TJie latt(‘r 
(‘oiidition in the mother is also well known to result in hypo- 
thyroidia in her offspring — a fact whidi l)rings us hack to any 
maternal defect inherited, such as hypothyroid ia, syphilis, 
alcoholism, etc., tliat may be present as ih(‘ origin of tlie liypo- 
thyroidia in the child. In other words, tliere is at present no 
sound foundation for antagonism to tlie prevailing vi(‘w that 
endemic cretinism may he congenital in a certain j)roporti()n of 
eases. 

Sporadic cretinism, which has also been termed ^‘cr(‘tinoid," 
or ^"myxoedeinatous, idiocy'' and cretinoid parhydernna" occurs 
in any country, in localities that are entirely free from crcjlinisnu 
and in healthy families. It is mainly due to some lesion of the 
thyroid caused by an acute febrile disease or some intoxication 
capable of inhibiting or arresting its functions, eitlier before or 
after birth. 

How a general infection can produce such lesions in the 
thyroid is admittedly unknown. From my view])oint, it finds its 
explanation in an autodigestivc process similar to that whic'h 
occurs in the pancreas under certain conditions. As previously 
stated, I have attributed to the thyroid secretion properties 
similar to those of Wright’s opsonins, a view recently sustained 
hy Marbe and Stepanoff, at the Pasteur Institute. 1’he antitoxic 
and antigerm constituents of the blood circulating in tlie tliyroid 
(and parathyroids, which may also he the scat of similar lesions) , 
it is obvious that undue accumulation of thyroid secretion in the 
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organ itself will oversensitize its own parenchyma or its vascular 
elements or both, and render them vulnerable to proteolysis — 
along with any germ or toxin that may be present in the organ. 
The autodigested areas are replaced by fibrous tissue, and a 
process of cirrhotic atrophy is started which sooner or later 
annuls the functions of the organ. 

The diseases which have shown themselves to be the most 
frequent causes of s|K>radic cretinism are typhoid fever, scarla- 
tina, pneumonia, and pertussis — the identical series which 
proves most prolific in the genesis of the infantile encephalop- 
athies, another source of idiocy, but in which the cerebral 
lesions are the direct pathogenic factors. 

Patholooy. — The end lesions are the same in both forms. 
In the endemic form there is a marked proliferation and over- 
growth of interstitial tissue or connective tissue, causing both 
enlargement of the gland — goiter — and obliteration of the gland- 
ular tissue. Some glandular tissue usually persists; even this 
remnant, liowever, sho\/s evidences of degenerative change. 

The symptomatology of both forms indicates clearly, we 
have seen, that deficient oxidation, metabolism, and nutrition 
underlie the resulting general physical phenomena. This ap- 
plies as well to the mental phenomena, symmetrical arrest of 
development alfceting more or less all the elements of the 
brain. There are occasionally found localized lesions of the 
nature of infantile cerebropathics, porencephaly, etc., but it is 
probable that these are concomitant changes rather than com- 
])onents of the typical picture of cretinism per se. Briefly, we 
are dealing with arrested nutrition and development of the brain 
as a result of the absence of the secretion which sustains these 
fundamental processes. 

Tkkatment. — Before tlie introduction of thyroid gland in 
the treatment of this distressing condition, there was practically 
nothing to be done. While its use must be continued, relapse 
(excepting the body growth) occurring invariably without it, 
though, as a rule, with much less intensity, the fact remains 
that the changes produced in the child, particularly in sporadic 
cases, are truly marvelous. As early development of the disease 
inhibits the mental development a(‘cording]y, the later in child- 
hood it appears, the better are the results of treatment, in so far 
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as the intelligence is concerned. The physical restoration is not 
materially inlliienced by tlie age at whicli the disease first aj)- 
peared. Children grow with surprising rapidity in some 
instances, over one inch per month in some cases, until the 
normal stature of the corresponding age is readied. The brain 
* responds more slowly; but considerable’ intelligence is gained, 
though it does not reach, as a rule, that of normal children. 
They learn slowly and develop only very gradually their vocab- 
ulary. They should be gently assisted in this direction. 

When the thyroid treatment is instituted tht‘ case shoidd be 
carefully watched, as the tolerance varies greatly in dilferent 
children. They should be kept from any violent exei’cisc lost 
heart-failure occur. Another important reason for this precau- 
tion is the fact that the growth of the skeleton is so rapid that 
the bones tend to soften, and, therefore, to yield and bend. Tin* 
tibia and fibula are especially exposed ; braces should be a])plied 
to offset this tendency if it shows itself, until the normal laaglit 
of a child of a corresponding age has been attained. Syrup of 
calcium lactophosphate of the TJ. S. P., one teaspoonful or 
less, according to the age, is a useful adjuvant to thyroid gland in 
this connection. This is accounted for in the opinion of Parlio?i 
and Papinian^^ and others, bavsed on many published facts, that 
the thyroid gland plays an important rule in the assimilation of 
calcium. 

Large doses are not only dangerous, but they inliil)it Ihe 
beneficial process. Again, it must be remembered that tlu‘ tliyroid 
active princij)le is cumulative in tiie sense that the organism w ill 
utilize a certain quantity — ^which varies with each case — a/id 
that any excess may prove toxic. This stage may be readied 
early in one instance and late in another. I have seen it jiro- 
duced in three weeks with 2-grain (0.132 Gm.) doses; con- 
versely, in a case reported by Freund in a girl of 14 years, fi 
grains (0.396 Gm.) daily in divided doses caused a sudden rise 
of temperature to 104° F., a pulse of 160, rapid breathing, and 
death the next day, though she had been taking the same agent 
nineteen months. The danger signals are rapid pnlse, v(?rtigo, 
general weakness, pains in the back and limbs, syncope, and, if 

Parhon and P.iplnlan : Romania medlcala, 1904, cited in “S6cr6tlons 
Internes.” p. 17, 1909. 
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the intoxication be severe, nausea and vomiting, a marked rise of 
temperature, and collapse. When any untoward effect occurs, 
cessation of the remedy a few days suffices. They are more likely 
to appear when the preparation used is old, a fact which sug- 
gests that it may have undergone putrefactive changes when 
long kept. 

An infant can be given % grain (0.033 Gm.) daily of 
desiccated thyroid, and a child of 2 years, twice daily, and older 
cliildren thrice daily, or 1 grain (0.066 Gm.) can be given at 
dinner and another on retiring. I have never seen such doses 
produce untoward effects, the recumbent position after the 
second dose> as urged by Murray, preventing them. When it is 
necessary to increase the dose, the patient should be seen fre- 
quently. As mucli as 5 grains (0.33 Gm.) have been given three 
times daily with safety;- but it must be remembered tliat the 
preparations now available are better and more efficacious. The 
preparation I now use is Burroughs, Wellcome & Co.’s standard- 
ized desiccated gland substance (in tabloids), which contains 0.2 
per cent, of iodine in organic combination. Cretins usually 
stand larger doses than others. A good guide in them is the 
temperature, which tends to rise to normal; as a rule, the dose 
that will do this suffices to bring about the desired results. 
When this is attained, 1 grain (0.066 Gm.) on retiring suffices 
to ])revent recurrence. But it must not be neglected; otherwise, 
the disease will certainly return. 

Tlie younger the patient, the more marked the improvement, 
as a rule. In adult cretins^ the results are meager if any at all 
are obtained. The improvement is miudi more marked in 
sporadic than in endemic cases, owing probably to the fact that 
up to the onset of the causative disease physical and mental 
growth had proceeded normally. In the Mongolian type, the 
thyroid treatment is useless. 

Grafting of thyroid tissue to render the constant use of 
thyroid preparations unnecessary has been tried by various 
investigators. It is only in recent years, however, that a promis- 
ing metliod has been introduced by Christiani,^® of Geneva. The 
conditions are that only normal and living tissues be used ; that 
the grafts be small (about the size of a grain of wheat), but 

^ Christiaui: Semaine m<$dicale, March 16, 1904. 
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very numerous; that they be inserted in very vascular subcu- 
taneous cellular tissue, and that only human thyroid be 
employed. This makes it possible to obtiiin small grafts from 
a removed goiter containing areas of normal tissue, and to 
transplant them into the cretinous subject. The tissue can be 
kept alive an hour in physiological saline solution. A very 
sharp instrument should be used to cut the grafts to avoid 
crushing them. They are then introduced in situ, where they 
gain a perfect foothold, becoming perfect thyroid parenchyma. 
More recently, Cliarriii and Christiani^** obtained good results 
with sheep's thyroid. Six months after the operation, the 
patient (a case of operative myxmdeina) became ]jregnant, and it 
was found that each graft became enlarged, in keeping with the 
pJiysiological process which occurs normally in the gland ])ro])er 
under similar circumstances. Christian i’‘ re])()rted distinct 
improvement in (iO per cent, of his cases, which included 
myxeederna, cretinism, dwarfism, etc., remarkable results in d t 
per cent., and no result in (i per cent. The most striking res\dts 
were in the various types of cretinism. 


MYX(EDEMATOUS INFANTILISM. 

This disorder, first attributed to tlie thyroid by Brissaud, 
resembles cretinism very closely, but its retention as a separate 
class is w^arranted by the fact that the arrest of development 
manifests itself mainly by the persistence of the characteristics 
of childhood, physical and mental, without the evidences of 
true idiocy, and often without dwarfism. The tliyroid a])parn- 
tus, either through inadequate development of congenital origin, 
organic lesions, especially sclerosis, acquired in the course of 
acute infections during infancy, or from some other cause, is 
unable to supply enough of its secretion to subserve the needs 
of both metabolism and growth (which involves an excess of 
metabolic activity), and the latter ceases, while normal metabo- 
lism, enough to sustain the vital process, continues. 

Symptomatology and Pathogenesis. — ^The worst cases, 
in which myxoedema predominates, are virtually instances of 


«Charrtn and Chrlstlanl: Le bulletin 
i*ChrIatl*nL Bull, de I’Acad, de m§d., vol. Ivlll, 1907. 
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cretinism of a mild type. Tlic patient is short, thick set, and 
obese, though child-like in shape, and may look old for his age. 
The face appears bloated, rounded, pale, and wax-like, a reddish 
patch being sometimes present below tlie cheek bones. I'he nose 
squatty and pugged, and the mouth large; the latter is usually 
open, — a fact a(‘('ounted for l)y the almost invariable presence 
of adenoids, hyp(*rtrophy, and infiltration of the nasal mucosa 
and tonsils. The tongue, as in the cretin, may be thickened 
and the lingual tonsil likewise, rendering speech thick and diiii- 
cult. 'I'he hair may be profuse, tliough coarse and lusterless, 
but about the eighteenth year it begins to fall in patches, 
leading, in most instances, to alopecia. In most cases imir fails 
to grow on other parts ol* the body. The skin is tense, owing to 
infiltration, and is also dry, because of deficient action of the 
cutaneous glands, and it feels rough and scaly to the touch. 
Pruritus is often complained of. 

The teeth remain infantile, as a rule, and decay early. 
The abdomen is unusually prominent and hard in all cases, 
owing, mainly, to tlie stubborn constipation which causes reten- 
tion of gas and fjeces, tlie latter being only voided, in some cases 
by engorgement and to relaxation of the abdominal inuscle. 
The (‘onsti])ation is also mainly due to the loss of tone of the 
intestinal muscular fibers and the paucity of succus entericus. 
Enuresis is commonly observed. Althougli the respiration is 
apparently normal there is defitdent oxidation; the extremities 
are cold and are readily affected w^ith chilblains in cold weather. 
The face and extremities may even bo cyanotic and the patient 
complain of constantly feeling cold. Actual hypothermia is a 
common feature of these cases. I'lie part ]dayed by the thyroid 
in this phenomenon is woU showm by the fact that Beebe^“ found 
that ‘‘by tlie administration of thyroid to a (Tctin or patient 
with rnyxcedema it is possible to increase the absorption of 
oxygen from 20 to 75 per cent.” 

The difference between this form and true cretinism lies, 
as stated, in the fact that idiocy docs not occur. The child may 
not be bright or even normally intelligent, having been slow to 
talk and shown deficiency at school, particularly in spelling, 
grammar, and arithmtiic, but it is, nevertheless, quite able to 


Beebe: Loc. eft., p. 659. 
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liold its own for all ordinary needs; the face, in fact, unlike thal 
of the cretin, bears an expression of intelligence. Yet the 
intellect retains the characteristics of childliood, both as ideas, 
judgment, and emotions, a patient of twenty years, for example, 
preferring the company of children below ten to that of young 
men of liis own age. These patients may show a proclivity to 
lie, steal, start tires, etc., especially when under the evil iniluenci^ 
of designing normal individuals. Any unlawful act they may 
commit is due, in most cases, more to lack of judgment ami 
inal)ility to resist suggestion and a desire to i)lease others than 
to an inherent ])roclivity to crime. Others an^ t‘X('itaI>le, 
turbulent, and rough, and frequently hn^ak anything that is at 
all fragile; liere, again, the element of willful harm is absent, 
muscular tremor and inability to prevent movenumts of tlu' 
hands or fingers — as in athetosis — bcung the umlerlying ea\ise 
of the defect. 

The lieart is excitable, a slight emotion sulTHung to cause 
violent ^‘^palpitations” and tachycardia. This is mainly dm* to 
a deficiency of adrenal seeretion. Dilatation of the heart from 
the same cause is often witnessed. The veins also sliow a 
marked tendency to dilate, the veins of the extremiti(‘s and the 
hamiorrhoidal veins particularly. Varicocele may also exist. 
In a case seen through the kindness of Dr. W. Egbert Robertson, 
a sprig of thick veins spread upward over the mons vemu’is and 
coincided with imdevcloi)ed testicles and total absence of hair 
over the genitalia, in a young man of twenty years. liamu)- 
philia is frequently noted, an indirect result also of the 
liypothyroidia, since thyroid gland given orally (*ount(‘ra('ts 
Inemopliilia by increasing the coagulation time. Epistaxis, 
menorrhagia, and metrorrhagia are also obseiW(‘d in some cases, 
tile two latter plicnomona where menstruation has d(?vt*loped at 
all, which is often not the case, coinciding with non-development 
of the breasts and pubic hair. The penis and testicles often 
remain rudimentary even when the male reaches full adult age, 
and his general shape and high-pitched voice recalling those of 
a woman. 

In a still higher type of infantilism the signs of inyxfedema 
are hardly discernible. The growth may even exceed that of 
the- average individual. Such cases are usually plump and even 
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portly; as in the preceding forai, the abdomen tends to be large, 
but tile limbs are well rounded, recalling those of a woman, with 
fair skin, a high-pitched, or infantile, voice to complete the 
resemblance. The face, axillai, and pubis are free of hair ; the 
[lenis and testicles small and rudimentary. Mentally ‘^'he is 
simply an overgrown child,^’ wrote Meige,^'* who gave us a close 
analysis of these cases. ^‘These children, who should long 
before have reached the reasoning period of their lives, play witli 
toys, laugh at a childish prank, cry for practically nothing, 
become angry as readily, are subject to ridiculous frights, and 
call their mamma under the influence of the least emotion.” 
In the average case, however, this truly infantile type — recalling 
the behavior of a child of but two or three years — is better 
exemplified by one of seven or eight years, though he be perhaps 
actually beyond his twentieth year. 

The feminine attributes are sometimes very marked in the 
male, the breasts, thighs, and general conformation resembling 
closely those of the female, constituting the “feminine” type. 
In the female, in whom infantilism occurs less frecpiently, the 
body preserves the attributes of childhood, i.e,, it fails to 
undergo the normal dianges of puberty. Though tall, perhaps, 
the body shows no development on sexiial lines: the breasts 
remain small and flat, no hair grows in the axilla?, or over the 
])ubis, the trunk remains cylindrical, and the hips and nates flat. 
The uterus and its adnexa also fail to develop, and menstruation 
fails to appear. Some cases tend ev(‘n toward the male sex, 
constituting “masculiiiisrn,” the voice, the physical outline, 
assuming a masculine type. 

Dtacjnosis. — From this type, which belongs essentially to 
the domain of the thyropara thyroid apparatus, must be distin- 
guished several types which do not. 

Lorain Type of Infanlilism , — In a type described by 
Lorain, in 1870, the dwarfism is symmetrical in the sense that 
the ultimate products arc symmetrical, miniature men — this 
form being practically always observed in the male. No myxee- 
dematous symptoms are present; the genitalia are usually normal, 
though the pubic and axillary hair is wanting, and notwith- 
standing their diminutive stature and their slender physique, 

^ Meige; Revue Intern, dc M€d. et de Chlr., Mar. 25, 18d6. 
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their facial appearance and expression, and their intellioviue 
are UwSually (juite up to the average. Tliey depart in no ^vay 
from their fully developed fellow-inen, in fact, except in the 
stature. As shown mainly by iMeige/* this ty|)e is not due to 
thyroid insufficiency, but to anangioplasia, i.(\, dcfecdivt' d('V(‘loj)- 
ment of the arteries and premature ossitication. It is iisiiailv 
ascribed to parental hereditary syphilis, Uihercnlosis, alcoliolisin, 
and other debilitating disorders. Thyroid preparations in this 
form are of no value. 

Mongolian Infaniilistn . — This type is cliaracterizcd l)y 
Mongolian features, and ])articu]arly tlu* slanting eyes. These 
features occur at birth, and are not traceable to sypliiiis, tuhen-- 
culosis, alcoholism, etc., as in the Lorain lypi‘, hut ratluu* to 
prolonged deliveries — which account in some ('as(‘s, at least, tor 
the flat skull or bulging forehead — or to strong nuaital emotions 
during pregnancy. They are not morose or torpid like tlu* 
myxtedematous cases and are usually amiable and well bi'liavi'd. 
Curiously enough, all show a marked pre<liU‘(dion for music and 
signs of unusual development of the musical sense. The tongue* 
is usually quite thick and heavy, and the hands scpiare and (lat, 
the latter accounting for the clumsiness which characterizes all 
these cases. They usually sulTcr from some chronic rt*spiratory 
trouble, and are apt to die early of some intei'current iiib'ction. 
Their undeveloped size, their ^Fongolian facies, the bulging 
foreliead, and their feeble-mindedness render the recognition oF 
these cases quite easy. Thyroid preparations are of no avail. 

Achondroplasia, or Fwtal Jlirhuis , — 'This type of dwaif, 
unlike the myxeedernatous type, does not show mental d(!li('ie]icy, 
but many of the characteristics of cretinism: the relatively large 
head, the saddle nose, the short and bowed limbs, the j)rom incut 
abdomen, and the marked lordosis. JLit the arms and legs are, 
unlike the other types, which all show some degree ol symnutry, 
entiredy too short for the body, the finger-ti])s never reaching 
the level of the hips. Again, the long bones are usually Ixiiit 
and deformed. The skull is unduly developed and is out of 
proportion with the face, which is then made to appear small. 
The eyes, lids, and tongue may resemble greatly those*, oi the 
cretin, but the hair is normal and usually abundant, and the 

i^Melge and Allard: Nouvelle Iconog. de la Salpfitri^re, No. 2. 1898. 
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Fkin soft and well nourished. These eliaraeteristies^ the fact 
tliat the mental faculties are quite normal, and the ineffective- 
ness of thyroid treatment render the identification of achon- 
droplasia (|uite easy. 

Tueatmkxt. — The only measure of any value in myxm- 
dematous infantilism is the use of thyroid preparations. The 
treatinent recoin mended for cretinism bein^ as applicable here, 
the reader is referred to page li)(S. The younger tlie ])atient, 
the greater are the chances of improvement. After pulierty has 
been readied, the results, in so far as the mental status is con- 
cerned, are seldom satisfactory. 

THYROID nYPER.HMIA AND THYROIDITIS. 

This is a very important disorder mainly because of its 
causative influence upon the conditions just reviewed, e.g,, 
hypoparathyroidia, myxoMlema, and cretinism, and the whole 
gamut of morbid effects of deficient functional activity of the 
thyrojiaratbyroid apparatus. It is generally recognized in its 
acute form wlien the inflammatory phenomena are very 
marked, but, unfortunately, it is not only in tliis class of cases 
that lesions in the organ are provoked. Tha stnudure of the 
thyroid is such, and the quantity of blood circulating through it 
is so great, that a high blood-pressure, such as that which occurs 
during high febrile processes, is sufficient to jiroduce areas of 
interstitial haunorrhage in the interlobar connective-tissue 
spaces, wliich form as many sclerotic areas wherever tbe damage 
done has bei'ii sufficiently great. As nature provides an excess 
of thyroid tissue over and aliovc the needs of the organism, how- 
ever, inhibition of a proportion of the gland below this limit 
may prove harmless, but if the sclerosis happens to exceed this 
limit the result is a more or less marked hypothyroidia (or 
hypoparathyroidia if the parathyroids are involved, which is at 
least sometimes the case) corresponding in severity with the 
proportion of thyroid tissue sacrificed. Indeed, we have seen 
that in all the disorders treated so far in the present chapter 
sclerosis of the thyroid, with its resulting atrophy, was by far 
the most prominent pathogenic lesion. 

The graver condition, acute thyroiditis, is fortunately com- 
paratively rare, Moreover, while simple hyperaemia, even when 
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attended by interstitial haemorrhage, is seldom recognized, acute 
thyroiditis is attended by severe local and general pluMiomena, 
which make it possible to identify it early, to meet it tlierapeu- 
tically and avoid disastrous results. Acute inllaniination of the 
thyroid — apart from that due to tlie presence therein of goii(‘r, 
cancer, etc. — is usually provoked by invading bacteria in the 
course of infections, notably: diphtheria, typlioid ft‘vcr, scarla- 
tina, measles, parotitis, tonsillitis, erysipelas, pneumonia, i)er- 
tussis, dysentery, rheumatic fever, puerperal fevTU- se])sis, 
orchitis, and influenza. It has also been atfributed to the action 
of poisons, constituting what has been termed “toxic thyroiditis’’; 
iodine and the iodides have also been known to cause it along 
with other signs of iodism. In these inllamnuitory disorders 
the glandular tissues undergo marked changes, including d(‘S(jua- 
matiori and d(‘generation of the* (*pithelium, beside's tlu‘ inicrsti- 
tial sederosis met with in the form ])reviously describt‘d. 11' the 
area thus. afTccted is large, the functions of the gland may 
become siifllciently impaired to constitute markiid hypothyroidia, 
which, wo have seen, may, in clnldreii, arrest gemu-al develop- 
ment of both the body and mind. Shields^'^ witmssed an 
instance in wliicli thyroiditis lasting one we(*k h‘d to couipUde 
atro[)hy of the organ and to typical cretinism. In a case rc*})orted 
by Boniiey^'^®^ the left lobe was converted into an absc(‘ss cavity. 

Symi»tomatoi,o(iy. — ^Though ca])able of doing consid(‘rable 
injury to the gland, the acute hypcncmia attending infeedious 
di.scases gives rise to few tangible phenomena, ue., slight swell- 
ing of the neck, sensitiveness to pressin*e, and, ])(U‘ha])s, slight 
pain during deglutition. Unless IooIccmI for, they will seldom 
be discerned, as they do not cause sutlicient discomfoid to attract 
the attention of the yiaticnt. 

In acute thyroiditis the onset, usually ushered in by a chill, 
is generally sudden; the most marked symptom is dilVK'ulty in 
swallowing with, sometimes, neuralgic pain which radiatc^s 
widely in various directions, the ears and neck, even to the arms 
and occi|)iit; this is sometimes very severe, particular! \ during 
deglutiticjn and on moving the head from side to sid<\ If the 
whole gland is involved and the swelling, which is oftcui tlie 
size of a hen’s egg, is marked, severe dyspnma and even cyanosis 

^“Shields: N. Y. Med. Jour., Oit., 1898. 

Bonney: London Lancet, July 15, 1911, 
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may occur, owing to pressure of the inflamed organ upon the 
trachea. Paralysis of tlie recurrent laryngeal may occur and 
produce lioarseness and paroxysms of suffocation, but tlie 
lioarscmess and cougli are more likely to he due to involvement 
of the larynx in the inflammatory ])rocess. (hklema of the 
glottis may also occur, as in cases reported hy Ijcwis and 
OhNeill.'" 

The identity of the inflamed organ is readily estahlislied 
by causing th<* j)atient to swallow, wluui the tumor will rise, 
provided the head is not bent hac-kward, which will immobilize 
the organ. Ileadaclie is often present and e))istaxis occurs some- 
times, owing to |)r(‘ssure of the enlarged thyroid upon the 
(^(U’vical veins and the passive c(Tel)ral cong(*slioii this produces. 
Carotid |)ulsafion has also been observed by Broca. ^Fhe surface 
ot the organ is soinetim(‘s (|uii(* congi^stc'd. Ther(‘ is more or 
less fever during the acute stage; it is sometimes quite high 
notwithstanding the absence of suppuration — a fact wliich is 
ascrihable to the exc^essive production of tliyroiodase. Tacliy- 
cardia indcjpendent of temj)eraiure has also been noted by 
Parisot.^'^ As observed by Jeanselme, the coagulating power of 
the blood is greatly dnereased. The morbid process lasts, as a 
rule, but a few days, the swelling subsiding completely in most 
instances. Occasionally a certain amount of enlargement may 
jiersist. Forty ])er cent, of the cases terminate in resolution, 
I.C., without suppuration. 

When an ahsrcss is formed the course of the morbid process 
is more ])rotracted. A single abs(*ess rarely occurs, the glandu- 
lar mass Ixung studded with numerous })uriilent foci, which, if 
close one to the other, tend to mn together. Each abscess tends 
Vo break Wwowgb Vbe adyAcenV so^V V\sswes, mc\\\d\\\g the skm. 
The trachea and u'SoptAagws may thereiore \^e invaded hy a 
])urulent stream when rupture occurs. Metastatic abscesses may 
also a|)pear in the cervical cellular tissue. When spontaneous 
i-upture occurs through tlie skin, or when the abscess is surgi- 
cally evacuated, the inflammatory process recedes rapidly. 
When, however, it is left to itself, the purulent infiltration of 
surrounding juiids may give rise to serious complications, by 

Lewis and O’Neill; Jour. Amer. Med. Assoc., Nov. 12, 1910. 

Parisot: Presse Medicale, May 7, 1910. 
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involving, besides the trachea and (esophagus, referred to above, 
the mediastinum, the ])leura, and the lungs proper, causing septic 
pneumonia, and also the large vessels of the neck and chest and 
thus causing pyaemia. Thyroid abscesses bleed readily and are 
scmietimes the source of severe caijillary haunorrliages. 

Chronic t/iyroidiiifi may follow tlie acute type, either through 
|)erpetuation of the infection in some small portion of the glaml 
or the formation of a sinus wlii(‘h fails to heal. In the majority 
of instaiu'cs, liowever, it o(‘('iirs concomitantly with clironic 
processes, such as syphilis, tuberculosis, echinoc'occus cysts, acti- 
nomycosis, etc. The prognosis in th(?s(‘ easels is l(‘ss favoi’abh' 
than in the acute form, since more or h^ss impairment of the 
functions of the organ follow the destructive action of the 
abscess upon the glandular tissues owing mainly to tlu^ fibrous 
induration it (mtails in various ])arts of the organ. Botli the 
acute and chronic types are promimmt caus(‘s of hvpothyroidia 
with its long train of morbid results, ranging from cridinisni 
througli its many modalities to the milder types of myxicdema 
described. 

DiACiNOSis. — In the acute form, the increased volume of the 
gland, which sometimes b(*comes greatly enlarged in a few 
liours, the sensitiveness to pn^ssuro, and the radiating pain, all 
located in the region of the thyroid, coupled with the fact that, 
on swallowing, this organ, i.e., the seat of all these acute symp- 
toms, moves up and down, render the diagnosis (juite easy in 
well-marked cases. When, as is often the ease, the inflammation 
is unilateral, especially if oechuna of the tissues prevails, it may 
resemble^ mastoiditis or parotitis and has, in fact, often been 
taken up for the latter disease. Its connection with a mobile 
structure on the other side of the neck, ]iovv(iver, ivndcrs tin* 
differentiation possible. If abscesses form, lluctuation is some- 
times discernible. (Esophageal abscess in the neiglihorliood of 
the thyroid furnishes much the same symptoms, l)iit tin* irmbilily 
of the gland during deglutition makes it possibles to identify it 
as the seat of abscess. 

Treatment. — The preventiem of acute thyroiditis, even in 
its milder forms, is an important feature in this conneefion, 
when we consider its pernicious effects upon d(?veloprtu'nt ol tin* 
child and upon the general welfare of the individual at all ages. 
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As previously stated, the main cause of the lesions is the excess- 
ive pi’oteolytic activity of the intrathyroidal plasma, owing to 
the identity of the organ as the source of the substance which, 
as 1 have pointed out, is the homologue at least of Wright’s 
o})sonin — i.e., the tliyroiodase. The presence of bacteria in tlie 
thyroid brings to it, as elsewhere, all tlie defensive constituents 
of the blood, both tluid and cellular. The excess of opsonins 
increasing the vulnerability of the thyroidal tissues to the pro- 
tiiolytic activity of these antibodi(‘s, liowever, these tissues yield 
readily to the destructive atdion of the latter. The aim, there- 
fore, should be to ])revent this com})li('ation in the course of 
febrile infec-tions. 

Ihvo measures of value are at our disposal in this connec- 
tion. The first of these is the local a]>plication of cold. I’he 
thyj’oid should l)e carefully watched for any complic'ation, and 
if it becomes sensitive or swollen, or the patient complains of 
pain in the thyroidal area, cold compresses should be applied 
over it. The effec't of cold is to redu(‘C local temperature and 
through this tlie activity of the proteolytic enzymes which the 
antibodies of the blood contain. Jn other words, it is not 
l)acteria which do the damage, but the excessively active germi- 
('idal substance's tlit'V invite into the^ gland, and by reducing this 
activity with the aid of cold the excess of digestive power is an- 
tagonized. That the bacteria are less violently attacked under 
these conditions is obvious, but it is far better to allow the blood- 
stream to transfer the geirrns elsewhere in the body for destruc- 
tion, !.e., to the general circulation, where their destruction can 
]>roc(‘ed without compromising the integrity of any tissue so 
vital to the welfari* of the body as the thyroid. 

'^riie second nu'asure is the free use of physiological saline 
solution, either by the mouth, rectum, or subcutaneously, to 
reduce the viscidity of the blood. Not only does this counteract 
excessive proteolytic activity of the antibodies which underlies 
their destructive action on the thyroid and other tissues and 
cells — the underlying causes of luemolysis and autolysis — but it 
facilitates osmosis and therefore the circulation through the 
thyroid, which has been fittingly compared by Berard to a 
sponge, so replete is it with blood. Another advantage of the 
use of saline solution is that, as shown elsewhere (see page 1307), 
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it enhances the activity of the antoprotcctivc process v’hile 
facilitating the renal elimination of toxins ov the end-products. 

The treatnient of acute th^H-oiditis likewise includes llie 
use of the above measures besides the remedies the causative 
disease warrants. One feature of im])ortaTice in tin’s connection 
is that a high blood-pressure is a pernicious feature of the dis- 
orders; vascular depressants, such as chloral hydrate and veratriim 
viride, preferabl}'' the former, therefore, are of considerabh' value. 
J. C. Wilson has shown that chloral hydrate can be used advan- 
tageously to reduce the peripheral ('ongestion and general distress 
in scarlatina. As this and other exanthemata are relatively 
freepumt causes of acute thyroiditis, it may safely be employed 
to counteract this condition. 

Surgical measures often become necessary. According txi 
Kocher-^ ; ^‘Thc presence of pus is ditlicult to demonstratcj and 
premature incision must be avoided. If necessary, tlie glam! 
itself should be ex[)osed. If incision of tlu^ abscess is not fol- 
lowed l)y rapid recovery, the presence of multiple abscu'sses 
should be suspected. Fistula points to extimsive ne(*rosis. In 
such a case the alTecded half of tlie gland must bt* excised, 
l^irtial tbyroideetomy may also ]>e eonsidtuvd in eases of 
ibvroiditis that have become chronic and in cliemieot()xi(i 
thyroiditis.^^ Jn the clironic thyroiditis attended by lyvpo- 
tliyroidia, thyroid gland sliould be given, and the aetnally dis- 
eased part removed surgically, especially if dyspiuea is present. 

Kochor: Keen’s “Surgery," vol. HI, p. 380, 1908. 
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DISEASES OP THE THYROPARATIIYROID 
APJ'ARATUS {Continued ) . 


DTSORDKUS DUE TO EXCESSIVE ACTIVITY OE THE 
TI I YKOPARATIl VUOI APRARAT US. 

Ovi'RACTiviTY of tlie tliyroparatliyroid a])paratus, in keep- 
ing willi the opposite state, des(a'il)e(l in tlie j)re(^eding ehaj)ter, 
lias l)e(‘n idtaitified by numerous terms, the most used of which 
are ])S(!udo-({ raves’s disease, aberrant or larval exophtbalmie 
goiter, incomplete Basedow’s disease, forme friiste de la maladie 
de Rasedow, hyjiertliyroidism, and thyroid ism. The first five of 
these were based upon the fac*t that all of the jdienomena were 
reproduced in exophlhalmic goiter, of which the disorder is, in 
truth, a mild type. The absence of the major symptoms: 
exojihlhalmus and goiter, liowever, so readily misleads the clini- 
cian into erroneous diagnoses that tlie tendency of inodeni 
observers is to distinguish this milder type from true exoph- 
tlialmic goiter, iji,, to regard it as an autonomous syndrome, 
in which the cardinal symjitoms mentioned above are not sug- 
gestcMl, Hence the terms “hyperthyroidism” and “thyroidism.” 
As stated in the prec'cding chapters, however, tlie terminal “isni” 
apfiears to me to suggcjst the presence of a habit ralher than a 
morbid proc'css subjec't to treatment. 1 jirefer the temn “hyper- 
thyroid ia,” tluM-efore, which, besides ('Overing this feature, 
harmonizes with the terminals previously used. To simplify 
the term, it is not made to include the parathyroids, though, as 
in hypedhyroidia, it must be understood that these glandules 
are deemed functionally associated with the thyroid proper in the 
process to be described. 

HYPERTIIYROIDIA. 

( PsiMido-CravcH’s Disease; “alu'rranC' or ‘‘larvaP’ Exoplitlialmic Goiter; 
foriiu* fnisto do ]a ]Maladio do JJasodow; Incomplete Basedow’s 
Disease ; 1 1 ypertliy roidisiii ; Thyroidisin. ) 

By the above term is meant the aggregate of symptoms 
which excessive activity of the thyrojiarathyroid apparatus 
( 212 ) 
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awakens when the cardinal symptoms of cxophtlialmic goiter, i.e., 
cxoplithalmus and goiter, arc missing. There are still, jiartie- 
ularly in Europe, a few observers who deny that exophthalmic 
goiter is due to excessive activity of tiie thyroid. But their 
opinion is based only on a few experimental facts which do not 
stand close scrutiny. Clinical medicine and surgery, on tho 
other hand, backed up by many ex)>ermental data, })lcad over- 
wdielmingly, however, in the op])osite direction. “'IMu' whole 
structure of the surgical treatment of Graves's disease," wriic‘S A. 
E. Elliott,* “rests upon the tiieory of liypcrthyroidisin, and, if 
it be not true, then the hundreds of thyroidectomies whi(k are 
now matters of record remain without jusiific'ation. The strik- 
ing influence over the disease, which follows a wcll-c\(‘cutcd 
partial thyroidectomy, furnishes evidence in favor of the llu‘ory 
of hyperthyroidism, wliich is so direct as to h(‘ a|)|)arently 
irrefutable. The results of thyroid fec‘ding supply evid(*nc(? 
which is hardly less conclusive. ^Phe administration of thyroid 
gland substance, or thyroid extract, is capal)le, if givcui in sulli- 
cient amount, of inducing a toxic state which in almost every 
essential is similar to Graves’s disease.'’ ^rhai it (‘an finis he 
caused both in man and in the lower animals, has Ix'im oIisiu vcmI 
by Notthaft, Edmunds, and ottu'rs. “An artificial slate* of 
hyperthyroidism is thereby produced,” also writ(‘s Klliott, “wliich 
duj)licates almost in full tlie inorbid syndronux Even the? 
characteristic exophthalmic symptoms have l>een ohse^rved after 
thyroid feeding by Auld, B&*Iere, and others, and Edmunds was 
able to induce proptosis, widcuiing of the ])alp(‘hral tissuri', and 
dilatation of the pupils in six monkeys by this means, ev(‘n 
after excision of a portion of the cervical sympatludic." ^Phai it 
is the iodine of the thyroiodase which product's it, is also shown 
by the statement of Koclu^r that ext^^ssive iodide treatment is 
responsible for tlic development of exophthalmic goiter in more 
cases than is generally recogniml, the form prod need being a 
severe one. 

As to the manner in which sucli marked phenomena as those 
witnessed in hyperthyroid i a and its aggravated fonn, exoph- 
thalmic goiter, by an excess of thyroid secretion, it must be 
frankly stated that the existing confusion is eliminated when 

^EJllott: Amer. Jour. Med. Scl., Sept., 1907. 
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the fiinetions of the tliyro})anithyroi(l apparatus are intorjiretccl^ 
in keeping with the eonelusions submitted in the third chapter, 
(1) that the tliymiodase sustains oxidation and both phases of 
inetaholisTn — anabolism and catabolism — by sensitizing or increas- 
ing the inflammability of the phosphorus of all tissues — including 
the adrenals and tlieir center and nerves — to the action of adrenoxi- 
dase, and (2) that it ])articipates through this same sensitizing 
action upon all wastes and other elimi liable refuse materials in 
the blood and scavenger cells, in the auto-protective functions of 
the body, both in liealth and disease. These two functions once 
thoroughly appi'tdiemh'd, we shall find that the clinical history 
of these cases is not dillicult to understand. Tt is pcrliaps nn- 
necessary to state that tlie symptomatology of hyperthyroidia 
illustrates only the ]>henf>mena due to cxag'geration of nietalio- 
lism, and that the. incrcjased immunizing activity which it entails 
gives rise to no individual phenonKma. 

While, as coiu^cMhal above, there is ground for the recognition 
of hyperthyroidia as a separate syndrome, the fact remains that 
its etiology, jiathology, sym]>tomatology, and medicinal treat- 
ment are |)ractically the same as those that obtain in exoph- 
thalmic goiter. It is iinnec(*ssary, thend'ore, to treat the former 
under a sepai*ate head, tlu* reader lieing re(pic*sted to look upon 
liypothyroidia as less severe symptomatically than true exoph- 
thalmic goit(‘r, and as jiresenting neither its two cardinal signs: 
exophthalmus and goiter, nor its progressive lethal trend, unless, 
as is often the case, it lapses into this severe form. 

K X () P 1 1 T 11 A LM IC G OITEK. 

(Parry’s Disease; Chaves’s Disease; Basedow’s Disease.) 

deferring to this disease, in the earlier editions of this 
work,- I advanced tlie view that it was in conjunction with the 
adrenals that the overactive thyroid gland provoked what I 
regarded as tlie sthenic or fird stage of the disease, my conclusion 
to this effect being: ‘M^xophtlialmic goiter is due to over- 
activity of tlie thyroid and adrenal glands, and. to the exag- 
gerated tissue oxidation this entails.” We have seen that tho 
label's of Kraus and Friedenthal, Kostlivy, and Hoskins have 


^Sajous: ^Untcrnal Secretions/’ etc., vol. 1, p. 164, 1903. 
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sustained this view. I also eondudcd at the time, that the sta^e 
of the disease (not always reached because of recovery or (U‘atli) 
wliich simulates myxcedeiiia entailed also adrenal insiinu‘i(‘ncy, 
the conclusion submitted bein^: “The asihruic or second sfafje 
of exophthalmic goiter is due to exhaustion and runciioiial 
insufficiency of the "thyroid and adrenal glands, as a n'suli of 
their prolonged overactivity during the sthenic stage." Weve 
we have familiar clinical facts besides those of my\<edema, to 
sustain my position. Thus, referring to a case in which tlie skin 
had assumed ‘^a peculiar bronze color/’ W. Mac'phan Sempl(‘-' 
expressed the o])inion that there might. “])ossihly he soiiu^ more 
intimate connection between (1 raves’s disease' and Addison's dis- 
ease than has been so far acknowledged"; IlirschlalV^ also re- 
ported a case due to fright in a girl, in whi(‘h “tlu're was 
extensive brownish ])igmentation" ; von Sehriitter*' like'wisc (»h- 
served a case in which “patches of dark-brown ])igmi‘ntalion wen* 
found over the entire body.'’ In trutli, we an* dealing with a 
not-infrc*(pient symptom of the disease, an<l ri*c(ygniz('d as such 
by classics^ which clearly points to involv(*ment of the adrenals. 

We must not, however, as has been done, (*onstriu‘ this as 
meaning that I “consider (Jravi's’s disc'asc* to lx* the result of 
excessive su|)rarenal activity, while myx(edema is du(‘ to the 
opposite condition, adrenal insufficiency.” My ]»osition is s|)eei- 
fied in the two conclusions (pioted al)Ovi‘. Were ihe adn'iials 
alone active in Graves’s disease, its symptoms could not lx* 
distinguished from tliose evoked by adrenal ov<‘rael ivily, trralrd 
in the prec(*ding chapter. Acting conjointly with the thyroid, 
however, the latter introduces factors that ar(‘ din'ctly tra(‘eaht(* 
to it: the marked emaciation, for exam[)le, due to the rapid 
consumption of the l)ody fat in this disease, as well as in certain 
adipose subjects treated with thyroid. I have pointed out the 
influence of the adrenals on oxidation. Now Magnus Gevy, 
Salomon and also Steyrer found that the respiratory exchanges 
were increased from 50 to 80 j)er cent."’^ in Gra\(*s's disca.‘*(*. 

Yet this does not mean that the influence of either organ 
may not predominate in proportion as its relaiivG elliciemy is 

® Semple: Bristol Medico-Chirurgical Journal, June, 1898. 

^Hlrschlaff: Zeit. f. klin. Med., Bd. xxxvl, H. :i-4, 1898. 

® Von Schrdtter: Medizlnlsche Klinik, April 5, 1908. 

Biedl: ^'Internal Secretory Organs,” p. 98, 1018. 
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superior. Thus, Wasliburn,® in a test of my contention that the 
adrenals take part in the process, writes: ^‘Theii we should 
expect high blood-jiressure during a considerable part of the 
clinical course, that is, during the period of adrenal overactivity,” 
and he gives 1(>0, 170, 1(>0, and 200 niin. Tig observed by him in 
four cases as proof of the correctness of itiy postulate. While 
this is perfectly true, and, as observed by Spictliofty Morris and 
Kdmunds,'* and others, tliere is a tendency toward a moderate 
rise of blood-pi’essui’e, the fact remains that in severe or advanced 
cases, contrary to wliat we sliould expect under the influence of a 
marked excess of adrenal secretion in the blood, there is a re- 
niarkaljle dilatation of the arteries of the entire organism with 
pulsation in the liver, spleen, capillaries, etc. Why should this 
occur? As we shall see, this is due to the action of the thyroid 
secretion, which, exaggerated, oll'sets that of tlie adrenal secretion. 

And it is between the thyroid and the adrenals that the 
symptomatology finds its elements. The exaggerated secretory 
activity of both organs being synchronous, we have merely a cor- 
respondingly exaggerated expression of their normal functions. 
Thus, if the thyroid functions exceed those of the adrenals, we 
have vasodilation and a more or less marked depression of the 
blood-pressure, while if the adrenals ])redoniinale there is a rise 
of blood-])ressure such as that observed by Wasliburn. Tlic pres- 
ence i!L the blood of an excess of adrenalin, in fact, has, since I 
urged the participation of the adrenals in Ciraves’s disease, been 
demonstrated by Ivraus and FriedenthaV^ and also by A. 
l^^aenkel.''^ 

When fully developed, however, it appears to me tliat; — 

Exophlhalmic (joiler is a consiituiional disease due to ex- 
cessive functional aciiviiy of the tlnjro parathyroid apparatus, 
and to the resiiftiny dilatation of ait arteries ivhich the excess 
of thyroparathyroid secretion causes hy producing excessive phos- 
phorus oxidation (and elirnination as PJ):) in all tissues, in^ 
eluding the vascular niusclvs and the depressor nerve, 

TA\tieogeni:sis and Symptom atolooy. — As recently stated 
by ITiedP*^ ‘Ti raves’s disease is the direct outcome of the flooding 

Washburn: Wisconsin Medical Journal, March, 1907. 

Spiethoff: Zentralblatt f. Innere Med., Bd. xxiil, S. 849, 1902. 

Morris and Edmunds: Medical News, vol. Ixxxvi, p. 62, 1906. 

* Kraus and Prledenlhal, Berliner kiln. Wochen., S. 1709, 1908. 

’A. Praenkcl: Archiv f. exp. Path. u. Pharm.. .fune, 1909. 

®®Bledl: “Internal Secretory Organs,” p. 102, 1913. 
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of tlie organism with thyroid substances.’^ But from my view- 
point, the clinical and therapeutic sides of the ([ucstion render it 
advantageous to recognize three stages: 1, the sthenic or erethic 
stage, during which the overactive thyro])arathyroid apparatus 
causes excessive sensitization of the phosphorus of all tissues to 
oxidation, and, therefore, abuornially active cellular iiietaholisin ; 
2, the transilional stage, during which the overworked thyroid is 
beginnijig to be restrained by the gradual formation of sclerotic 
areas and atrophy and, 3, the asthenic or mif.ra’deniatnns stage, 
during which progressive tibrosis and atropliy increasingly inhibit 
the functions of the organ and final ly cause th(‘ patient's death. 
I’he general vasodilation, tliough an important feature of the 
process, is incidental, and, as previously stated, subject to 
II net nations. 

Stiiknic on First Stacjk. — Under ^diy|)erthyroidia” w(* 
have seen liow clearly the excess of thyroiodasc enhances all 
cellular activities — driving the cell to d(‘ath, as it were. 3'hat 
the thyroid sec^retion and extracts incri‘as(‘ tissue oxidation is 
generally recognized, but unlike the oxidation produc(‘d by an 
excess of adrenal secretion or extract tlu‘r(‘ occurs, und(‘r the 
influence of the thyroid secretion, ]>hosphori(* acid nH‘tal)olism 
and excretion, upon wliicli Cliittenden-* had laid sin'ss. 3'his is 
a feature of the action of thyroid products upon all ])hos]>honis- 
containing structures, which stand out ev(m mon; f)rominenlly 
in the clinical history of exophthalmic goiter Ilian in the niildrr 
hyperthyroidia. The brain and nervous system are (‘specially 
rich, as well known, in this clement. The influence* of tln^ exet'ss- 
ive thyroid activity, then'fore, is shown by tlie gr(.‘a<er agitation, 
restlessness (children being unusually irritable), hallucinaf ions 
of sight and hearing, capriciousness or unusual gayety in the 
sthenic stage, which not infre(]iiently includes also j)seudo- 
hysteria, delirium, and even mania. Xervous disorders are so 
evident in the disease that the latter has been considered by many 
excellent authorities, including rntnam, as a mMirosis. Tremors, 
especially marked in the upper extremities, but not infrerpiently 
involving even the muscles of the ])ack and of the whole body — 
felt, as indicated by Maude, l)y placing the liands on the patient’s 
shoulders while he is standing — are practically ubi(|uitous in 

•Chittenden: Trans. Cong. Amer. Phys. and Surg., vol, Iv, p. 87, 1897. 
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these cases. Even the voice may become strident and tremulous. 
Clioreic movements (which may replace tremors in children), 
local cramps, muscular spasms, and even epileptic convulsions 
are classic, and by no means rare, symptoms of the disease. They 
denote undue erethism in the cerebrospinal axis and the periph- 
eral nerves, and explain the excessive excretion of P^On. The 
undue carbohydrate metabolism noted by Kraus, Ludwig, Chvo- 
stek, and others arc but additional expressions of the same factor. 

We cannot aseril)e to the thyroid secretion per sc any more 
than to the thyroid preparations in common use the powerful 
oxidizing power this denotes. It is here that ^^oxidizing fer- 
ment’’ of the blood, i.e., the adrenal secretion converted into 
adrenoxidase, comes into play. Indeed, concomitantly, we find 
the evidences of increased oxidation. While a rise of tempera- 
ture to 100® or 101® is tlie rule, some cases show a tendency to 
an acute febrile state, as observed by Gilman Thompson in a 
series of 70 cases, the fever reaching 104® F. and continuing 
sometimes several weeks, and recurring every now and then. 
Few diseases, in fact, furnish exain])les of sud) temperatures. 
In a case obsen^ed by Eendii,^® it reached in the course of one 
of these exacerbations 110® F., remaining two days between 107® 
and 110® F. The patients often complain bitterly of a sensa- 
tion of warmth, of ‘"^burning flushes,” especially when pruritus 
and sweating, both due to excessive metabolism in the skin and 
sweat-glands, are present. The increased demand for food and 
fluids betokens the intense rate of metabolism to whicli the 
tissues are subjected ; indeed, j)olydipsia and boulimia are 
common. Yet, emaciation proceeds; the thyroiodase, by in- 
creasing the vulnerability of the nucleus* — also rich in phos- 
phorus — of all fat cells to oxidation by the adrenoxidase, finally 
consumes all reserve fats; then follow nitrogenous tissues, whose 
cell nuclei are likewise ricli in phosphorus. 

The vascular phenomena, referred to above, and others they 
entail, are due, as stated in my definition, to this excessive oxida- 
tion and breaking down of all organic phosphorus, including that 
of vascular and nerve cells, and particularly Ludwig and Cyon’s 
depressor nerve, whicli, as is well known, causes general vaso- 
dilation and a fall of the blood-pressure. Cyon found, moreover. 

Rendu: Lyon medical, March 11, 1900. 
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that thyroid extracts excite the depressor nerve, an effect which 
the action of thyroid on the phosphorus of all cells exj)lains. 

The vascular dilatation may affect all the arteries of the 
body and be sufRciently marked to cause pulsation of all the large 
arterial trunks, most marked at tin? carotids and transmitted 
to the capillary system. It exjdains many, now obscure, phenom- 
ena that attend the disease. The tendency to hannorrhages in 
the mucous membranes and skin is doiihth'ss due to the fact that 
tlie dilated arterioles admit blood into the capillaries in excess 
of the volume the venules can readily carry otf. Hence, the 
flushing of the skin, the luemorrhagic areas in the mucous mem- 
branes, the epistaxis, the (‘offee-ground (unesis, the subcutaneous 
extravasations of blood wliieb, as in Popolf’s cas(‘,^^ may attain 
huge dimensions, the telangiectasis, and, indeed, the gangrene 
occasionally witnessed. To the vasodilation may also he ascribed 
the oedemas often observed in the (‘V(‘lids and h‘gs, the fugitive 
swellings of the face, TU*ck, arms, and joints, none of which are, 
of course, beneficially influenced by tliyroid In^aimcnt, A dis- 
tinct ^Svhirr’^ may be heard in some (‘ases over large vessels, as a 
result of the unusual volume of blood circulating through them. 

The thyroid is, as a rule, only u\oderately enlarged, and its 
greatly dilated v(*ssels likewise give rise to a distinct whirr under 
auscultation, while palpation elicits a thrill. During the first 
stage the goiter is relatively soft, and yields under pressure. 

Exophthalmos, commonly the first sign (sometimes unilat- 
eral), belongs, when not merely apparent, i.c., due to retraction 
of the eye-lids, to the same vasodilation of depressor origin, the 
vessels behind the eye-hall,, especially of the r(‘t ro-hulbar venous 
plexus, becoming greatly engorged. Here idso wc have dilatation 
of the arterioles, which admits an excess of blood into the tissues 
drained by this venous plexus. At first the exophthalmos 
fluctuates with the vascular dilatation, and may even he caused 
to disappear temporarily by pushing gently on the eye-balls. 
Later, no recoSvSion occurs owing to th(‘ lo(*‘d deposition of fat 
and connective tissue. 

Stellwag^s sign (in reality Daliwmphfs/^ who described it 
twenty years earlier), retraction of the lids, also finds its 
explanation in this vascular dilatation : the palpebral muscle 

Popoff: Neurol. Centralblatt, April 15, 19(X). 

Dalrymple : London Lancet, May 26, 1849. 
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receiving an excess of arterial blood, it is unduly spastic, in 
keeping with other muscles of the body. This applies also to 
Graefe^s sign: lagging of tlie upper lid when the eye-ball moves 
downward; its miis(de being spastic, it cannot carry on its 
movements physiologically, that is to say, synchronously wdth 
those of the eye-ball. This spastic state may, in fact, be dis- 
cerned by means of L. Napoleon Boston^s sign^^: Tlie head 
being firmly l)raced, the patient is directed to follow as high as 
possible with ins eyes the operator’s hand, raised upward, start- 
ing from the level of the patient’s chin about three feet away 
from his face, then brought down again. The u])pcr lid will be 
noticed to follow the piif)ii downward a short distance, then to 
stop, when w'liat the author terms a ^^spasm” occurs before it 
resumes its downward course. The depeudence of l)oth Stellwag’vS 
and von Graefe’s signs upon so fluctiiating a factor as the cir- 
culation is shown by the fact that they may vary from day to 
day and that they are not constant. 

The tachycardia, one of the cardinal signs of the disease, 
in the light of these facts, is an expression of the febrile proc(‘Ss, 
but only in part, for it persists even wdion the temperature is 
practically normal. The erethism of the central nervous system 
and of the nerves themselves, including the accederator nerve, 
provoked by excessive oxidation in them, being taken into ac- 
count, however, the abnormal pulse-rate finds its normal explana- 
tion even without the ])resencc of a febrile state. Especially 
must this be the case in view of the fact that the myocardiiun 
itself is rendered hyperexei table by the blood overladen wdth 
thyroiodase and adrenoxidase it receives. '^^Plic cardiac symptoms 
of the disease, extreme irritability, distressing violent palpita- 
tions, vdth loud valvular sounds, especially marked at night, and 
even endocarditis, betoken the presence of such a condition of 
the entire cardiac mechanism. In children, in wdiom the disease 
develops rapidly, as a rule, the cardiac signs are often the first 
to aj)})ear. 

The resjiiratory phenomena are closely allied to the cardiac, 
in that the respiratory muscles, including tlie diaphragm, are 
also rendered supersensitive by the excessive oxidation to which 
they are subjected by the blood, and the irritability of thanerves: 

** Boston: New York Medical Journal, August 17, 1907. 
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the phrenic, the respiratory nerve of Bell, the vagus, etc., tliey 
receive. The chest imiscles being crani])e(l, their excursions are 
restricted, and the air intake is corres])()iulingly reihieed. That 
the bronchial inuvscles are likewise contracted, ahnorinal v re- 
ducing the caliber of the air channels, is ])r()bable. Tliese two 
sources of diininislied respiratory capacity siiHiee, it seems to me, 
to explain the sensations of sulTocation or dys])n(ea so often 
observed in these cases. As is the ease with tiu* tai'hycardia, 
this dyspntea is subject to crises, during whi(‘h the respirations 
become extremely rapid, sixty a minute, sometinu‘s, as observed 
in two cases by Sharp.“ This observm’ not(>d that “opium had 
a marvelous action in slowing the respirations." As sliown in 
the second volume, page 1272 of this work, opium, from my 
viewpoint, produces its etfects by (*ausing coTistriction of the 
arterioles — thus oj)posing precisely the muscular hypera'inia. to 
which I ascribe the abnormal eth'cts. 

The alimentary canal is morliidly influenced by the sajue 
process, congestion and irritability of the gastric* miu*osa and 
muscular coat predisposing to emesis. A similar condition of 
the intestine is the underlying cause of diarrluea. Tlu* liver, 
spleen, and lymph-glands are often, found (*ularg(‘d. 'riie 
liypenernia of all organs moreover gives rise to a gemu’al mnlnisr 
or sensation of discomfort, the sensory terminals of all nerves 
being rendered irritable. 

Various complications may occur, most distr(‘ssing of 
which is ulceration of the cornea and loss of visioji, through loss 
of protection of the lids and imperfect lachrymation and lubrica- 
tion of the o(‘ular surface. 

Some cases of exophthalmic goiter recover spontaiuMuisly, 
though very gradually; others suddenly enter into a ra|>id down- 
W’ard course, which W. G. Thompson lias compared to malignant 
endocarditis, for which disease it is frecpiently taken. A very 
rapid, tumultuous, and irregular heart action ; hyperpyrexia ; 
dyspnoea with labored breathing; vomiting; diarrluea; luemor- 
rhages and ccchynioses; marked congestion and enlargement of 
the liver; delirium ; stupor, and coma. In most cases, however, 
the typical symptoms of hyperthyroidia are replaced by a period 
of apparent quiescence — the transition stage — and then lapse 

Sharp: London Lancet, June 27, 1903. 
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into those of hypotliyroidia, tlic normal terminal morbid process 
of progressive cAOplithalmie goiter. 

Tramition tSiafje , — What appears to me to be entitled to 
this designation is a period in the course of the disease when 
there occurs apparentlN'^ considerable iin]n*ovement. The skin 
ceases to ho abnormally moist^ the heat fluslies, the sensation of 
heat and the fever disap]>ear, and the skin loses its suffused ap- 
pearance, and may even become pale. Tlie tremors and nervous 
irritability, and even the mental aberratioiLs and emotionalism, 
are replaced by a gratifying placidity; the tachycardia greatly 
lessons, tliongh reawakened by exertion. The emaciation tends 
also to disai)pear, and the j)atient, though weak, may even show 
a tendency to corpidence. On the whole, he appears to his sur- 
roundings gi*('atly inij)roved and even on a fair way to recovery. 

if th(; goitcu* be examined with due care at this time, it 
will be found, at least in most inst^inces, to have receded, and 
to have losi somewliat of its rounded sliape. Its former softness 
still remains in. some ])laces, but in others nodular masses or 
bosses can readily be detected by passing a finger over the mass, 
and exerting slight pressure. The meaning of this is self- 
evident: the goiter is undergoing atrophy owing to the sclerotic 
areas with which it is now studded, and the transition stage is 
that period of tlic process during which the normal tissues, i.e., 
what remains of them, are just a])le to sustain the metabolic 
equilibrium — although the lattcn* is further compromised by the 
defieiency of cellular pliosf)hoi'us following its excessive oxidation. 
The time finally arrives when the thyroid secretion produced is no 
longer sulTlcient and the case tlien enters into tlie: — 

Asthenic or Myxivdcmatous Stnic . — in this stage, reached, 
as previously stated, if cure or death does not occur early in the 
course of tlic disease, we witness the results of exhaustion of botli 
tlie thyroid and the adrenals with fibrosis of the former. The 
recognition of this fact is important, for, while thyroid prepara- 
tions are very hannful in the first sbagt*, as many reported cases 
show, they may be useful when myxondema has appeared. During 
the transition period the change is so rapid in some cases that 
eertiiin symptoms- of both exophthalmic goiter and myxoedcraa 
may oeenr together, the ease lapsing ultimately into myxeedema. 
In textbooks its symptoms, unrecognized, are promiscuously 
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merged in with tho^c of o\o])hihalinie goiter. In a ease' wit- 
nessed by do Sinet/‘* the transition followed premature labor, 
the goiter alone remaining of the first disease. The e.xoph- 
thalimis may also persist. 

The myx(edematoiis phenomena inelude most of those 
reviewed under i\lyxaKlema, i.e., the manifestations of hypo- 
thyroidia and hy|)oadrenia, and, as ])revionsly shown, tiu' 
symptonns of impaire<l oxidation and metabolism these eondi- 
tions entail. 'I’hey are brietly: hypothermia, sensation of 
coldness^ obesity witli a non-])itting, rough, dry skin; suj)ra- 
seapnlar swellings or pads, loss and eoarseness of hair, britthaiess 
and ridging of the nails, predisposition to onyc'hia; various 
eiitaneous disorders, leucoderma, selenulerma, vitiligo, bi’own 
pigmentation, etc.; mental torjmr, de|)ression, and irritability. 
There is intense weakness, es])eeially of the k'gs, with oeeasionally 
a tendency to tabes-like ])aralysis, hemij)legia, or muscular 
atrophy, which may begin during the sthenic stage. Idanv. is a 
tendency to greater heart weakness and dilatation than in 
ordinary cases of myx(edema., owing probably to exhaustion of 
the cardiac muscle during the sthenic stage. If tlie patient is 
not carried off by some intercurrent disease, caeliexia suptu’venes 
with a tendency to fainting spells aiid heart-failun*, tlu* usual 
cause of death. 

Etiology. — In the first edition of this work (IhOd)"’ [ 
traced the primary cause of exophthalmic goiter to the pituitary 
body (the neural lobe), a nervous connection having Ixtmi shown 
by Cyon, a physiologist, to exist between this organ and the 
thyroid, similar to that traced by myself between the [liliiiiary 
body and the adrenals. The following year Salnioid' also 
concluded that the pituitary body was the seat of primary irrita- 
tion, though his explanation of the process difl'ered from mine. 
Briefly, from my viewpoint, the pituitary body contains the 
center of the thyroid and adrenals, and when certain toxics 
capable of irritating this center, siicli as the toxic wastes of 
pregnancy and menopause, various toxins, endotoxins, auto- 
toxins of intestinal origin, etc., occur in the l)Iood during a 
prolonged period both these organs are unduly excited, and, 
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their secretions being produced in excessive quantities, the dis- 
ease is awakened. 

That exophihalTnic goiter occurs in persons predisposed to 
it l)y supersensitiveness of the central nervous system, as in 
hysterical, epileptic, and other neurotic subjects, is suggested by 
the frequency witli wliich such disorders proceed or occur with 
the disease, liobinson^'* and others have even gone so far as to 
consider it as a form of hysteria. (Trandmaison,’*^ in a study 
of cases, found hysteria in 19. Abadie ascribes the dis- 
(?ase to irritation of whichever center governs tlie sympathetic 
vasodilator bran('1ies of the thyroidal vessels. Dana”® vouch- 
safed a similar opinion. A^oii Griife, Kbber, Cliarcot, and many 
oilier authorities have directed attention to the sympathetic in 
this connection, while A^irchow, Trousseau, von Recklinghausen, 
and others liave found lesions (which, from my viewpoint, need 
not necessarily occur) of the cervical sympathetic, whose 
branclies supply the thyroid. Now, it is through the sympa- 
thetic tliat ('Von trac(‘d nerve-paths from the ])ituitary (the 
posterior lobe of which is a sympathetic structure, rich in 
chromaflin substance) to the thyroid, and, as T show in the second 
volume (pp. ei sec/.), the pituitary contains, in all likeliliood, 
the previously unidentified center of the sympathetic system. 

One of the most evident indications of the influence of 
the waste accumulation on the genesis of the disease is shown in 
pregnancy, hhehardson"^ states that 'flu southern Italy it has 
long been the custom foi* the parent to measure tlie circumference 
of the daughter’s neck before and after marriage, an increase in 
size being considen'd as an evidence of conception.^^ Time has 
sanctioned this popular custom, various observers having shown 
tliat the thyroid becomes temporarily congested and enlarged 
under the influence of what Audebert““ terms, in describing a 
case in which exophthalmic goiter developed during the seventh 
month: the ^hisual symptoms of hepatic toxaemia.’^ While 
exophthalmic goiter occurs rarely, the hvt remains that it is 
but the exaggerated expression of a physiological process. Thus, 

^'’Robinson: “Etude sur les syndrome de Gravos-Basedow consld6r6 comme 
manifeatatlon de I'hysterie/’ Paris. 1899. 

Grandmnison: Medeeine moderne, July 7, 1897. 

^’Daiia: New York Medical Journal, June 14, 1902. 

^Richardson: “The Thyroid and Parathyroid Glands,” p. 20, 1905. 

“*Audebert: Annales de gyn. et d'obsldtrique, Sept., 1906. 
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Lang,^^ in a series of 133 cases of pregnancy, found tlie tliyroid 
enlarged in 108, the enlargement beginning about the liftb 
month. The thyroid ceased to increase in volume when thvroid 
gland wRwS administered, and resumed its growth when the 
remedy was witlidrawn. 

That we are dealing with an antitoxic function having for 
its purpose the destruction of wastes of ftetal and inattM-nal 
origin, is suggested by the fact that the thyroid gland has long 
been credited with such a function. We have seen that my view 
that it increased the opsonic power of the blood has been sus- 
tained. I\’eid Hunt"'* found, moreover, that when mice wen* 
fed on small amounts of thyroid they showed markeil resistanee 
to poisoning by acetonitrile. The relationship of the pituitary 
body with the toxaunia of pregnancy is also shown by the observa- 
tions of Comte, that during ])regnancy the pituitary body is 
also markedly enlarged, a fact conlirmed by Ijaunois and 
Mulon.‘^® In a more recent paper Jjaunois**^'^ r(‘aflirmvS his fonm*r 
conclusion, stating that the anterior lol)e (whic'h, as 1 will show, 
page 1072, receives the t<c\ics that awaken the impidses trans- 
mitted by the posterior lobe to the thyroid and adrenals) is, 
during pregnancy, ^‘in a state of marked hyperaetivity/^ 

Anollier feature wliich ])oints to the pathogenic role of 
intoxication is that, as staled l)y Ord and Macki^nzie : dis^- 

tricts where ordinary goiter prevails, the exophthalmic form is 
also met with.^^ Grasset observed a similar coincidenci* in 
France, and Carter,*^ in England. Tlic latter author stales, 
moreover, that, while, in a certain valley in the West Hiding, the 
inhabitants on one side of the river, who drink water from hills 
to the south, do not suffer fi*om goiter, those on the other side of 
the river, who drink water from hills to the north, suffer a good 
deal from this growtli. Moreover, it is from tlie latt('r, or goiter 
side, that cases of exophthalmic goiter are derived. 'I’his clearly 
suggests that the exophthalmic form is but a development of 
simple goiter. Indeed, referring to 3 cases of this ‘^secondary” 


’“Lang: Zeitsch. f. Gebiirta. u. Gyn., Bd. xl. S. 34. 1889. 

2* Hunt: Jour. Amer. Med. Assoc,, July 20, 1907. 

2® Comte: Thftse de Doctorat; Lausanne, 1898. 

“ Launois and Mulon: Ann. de Gynecol, et d Obst^t., 2d serie, 
2. 1904. ^ 

«7Launols: Thl^sc de la Faculty des Sciences de Paris. 1904. 

» Carter: Edinburgh Medical Journal, Oct., 1899, 
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type, Dean D. Lewis-*^ writes: “In all these cases a history of 
goiter of some years’ standing could be elicited. Tw'o of these 
goiters were of tlic dilfuse, colloid tyjie, and one of the mixed 
type, partly parencliymatous, partly colloid. So far as I was able 
to detennine, these goiters do not differ, histologicall}^ from the 
simple colloid or ])arenchyinatous goiter, nnassooiated ‘with 
Dasedovv’s symptom-complex.” (loiter being due, according to 
})revailing vic^vvs, to a telluric poison, its exophthalinic form 
mu?it likewise Ije diu^ to such a poison. 

The relations !)eiween bacterial toxins, endotoxins and auto- 
toxins and the thyroid (with tlie latter organ considered as the 
source of one of the antitoxic constituents of the blood) also 
afford considerable evidence in this connection. IJogcr and 
Gamier'*'^ examined the thyroids of .13 cases which had died from 
scarh't fever, measles, diphtheria, small-pox, typhoid fever, cere- 
bros])inal meningitis, and septic peritonitis, and found in all 
congestion and hypertrophy with increase(J secretion, and in two 
instances (variola and. diphtheria) foci of parenchymatous 
luemorrhage. Marine and LenharD‘ also state that syphilis, 
ty])hoid fever, intluenza, and articular rheumatism are fre- 
(jnently associated with or followtid by thyroid hyperplasia. E. 
Abrahams’*- reported 3 cases which developed in the course of 
active syi>hilis. 

(dosely associal(‘d with this class of causes is that described 
by W. 11. ddiomson,’*’* ic., auto-intoxication from the alimentary 
canal due to im])crfect gastro-intestinal digestion* of nitrogenous 
foods. Treatnu'nt based on this view, in which meat was 
banished from the diet, and intestinal antise])tics were used, 
gave satisfactory results. AVhile this view has been criticised, it 
is evident that, from my viewpoint, such poisons can, as well as 
any of the others referivd to above, bring about the disease in 
]>redisposed subjects, by exciting the thy ro-ad renal center, and 
thus cause an excessive production of thyroiodase and adrenoxi- 
dase. In a case reported by Aiken,'*^ the disease began under 
ether amesthesia and persisted six years. 

‘‘‘Lewis: SuTRery, Oynoeology and Obstetrics, Oct., 1906. 

lioRcr and Gariiier: La presae in^dicale. April 19, 1899. 

Marino and Lonhart: Archives of Internal Medicine, Nov., 1909. 

Abrahams; Philadelphia Medical Journal, Eeb. 9, 1901. 

Thomson : Medical Record, Jan. 13, 1900. 

Aiken: Trans. Amer. Ophthal. Soc., 1897. 



EXOPHTHALMIC GOITER. 


227 


Excessive and prolonged exertion lias also boon known to 
produce the disease. Overwork is a generally recognizeil factor. 
Eaiischer reported a case wliicli came on altiM* climbing rapid Iv 
a steep mountain, llarland observed two instances which liad 
apjieared suddenly .in soldiers who bad been in action in tlie 
Boer War. Potaiir'"’ called attention to the fact that violent 
anger, wliicli has formed tlie starting point of exoiihthalmic* 
goiter, awakens symptoms (juite similar to this disease, jn'ocidcaice 
of the ey^e-balls, trendiling, violent palpitations, sweating, diar- 
rliom, psychical disturbances, etc. In all such cases wastes 
accumulate in the organism more rapidly than they can be 
hydrolyzed into eliminalile products, and the disc'ase is lirought 
about precisely as in all the forms of toxsemia previously 
reviewcid. 

Fright and other violent emotions, whic'li are relatively 
fretpient causes of the disease, bring it on through a dilVenmt, 
though kindred, process. Darwin and Sir (liarh's Uell, accord- 
ing to (hu’ter,'^^ describe a person in intimse terror in the fol- 
lowing words: ^‘Tlie heart beats quickly ami violently, so that 
it palpitates or knocks against the ribs; thmx* is trembling of all 
the muscles of the body; the (wes start forward, and the 
uncovered and protruding oye-l)alls are fixed on th(‘ object of 
terror; the skin breaks out into a cold and cblminy sweat, and 
the face and neck are flushed or pallid; the int(‘stines are af- 
■fected.^^ The resemblance of these phenomena to the sym|)toms 
of exophthalmic goiter is obvious. I refer, elsewhere in this 
volume, to the sympathetic center as the saisorhnu roinnnme, 
in the sense that it bears the brunt of violent (‘motions, shncks, 
etc., as one of the most sensitive of all somatic centers. Now, as 
Carter correctly says, intense terror is ‘hi condition in wliich the 
somatic nervims system is, for tlie time Ixn'ng, almost paralyztai.” 
Traumatic slioc^k, blows upon the head, etc., may ])roduce the 
disease in a similar ivay, tlie viohmt concussion to whirdi tlie 
sympathetic center is subjected, along wit!) the oth(*r c en'bral and 
basal centers, lieing the cause of the molecular dislurbam'e. 
Delorme and Leniez,*’** for example, reported 2 cases in oflicers 
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who had been tlirown from their horses and had stnick the 
pavement on their lieads. There was in both cerebral concus- 
sion, followed two rnontlis later in the one, and one month later 
in the other, by exophthalmic goiter. They report a similar 
thougli less severe case in a soldier who had fallen from a roof, 
striking his head. Dyrenfiirth'*^®^ observed three cases due to 
accidents. The morbid effects of emotions, traumatic shock, etc., 
are attributable to a molecular disturbance of tlic sympatlietic 
center, — whicli governs the caliber of the arterioles — i.e., the 
thyro-adrenal center. 

We have seen that poisons, by exciting the sympathetic 
thyro-adrenal center, so exaggerate the functional activity of the 
thyroid and adrenals that the characteristic action of an excess 
of thyroid secu'ction on phosphorus oxidation manifests itself, 
viz., general vasodilation. With fright or any violent emotion 
capable of [mralyzing the functions of the same center, we have 
general relaxation of all arterioles which the sympathetic center 
governs, the acute symptoms of fear being the expression of a 
temporary exacerbation of tins vasodilation, indiiding ihose of 
the thyroid and adrenals, and, therefore, an abnormal influx of 
arterial blood in these organs. This means for them, as shown 
by (Maud(‘ Ilernard in tlie salivary gland, a corresponding increaso 
of functional activity. In the majority of such cases the result- 
ing disturbances, though sometimes severe, are either recovered 
from as soon as the central molecidar ecjuilibrium is restored or, 
if this restoration does not occair, it may manifest itself by other 
disorders. If, howewer, heredity hap|)ens to i)redispose the victim 
of fright, shock, etc., to exophthalmic goiter, this disc^ase is the 
one wliich develops; the circulation rc(*eiving an excess of thj^roid 
secretion, the oxidation of cellular phosphorus becomes excessive, 
and the gcMuu'al va^sodilation, the devs ex marhina of the morbid 
j)roccss, is per])etuated. 

The prevailing view that heredity influences greatly the 
development of the disease is based on a sound foundation. 
Among tile examples may be cited the family referred to by 
Oesterreicher,-'"* in which an hysterical woman’s 10 children 
included 8 cases of exojihthalmic goiter. One of these had 4 

Dyrenfurth: Deutsche med. Woch., Nov. 21, 1912. 

Oesterreicher: Cited hy Chamberlain: “Maladie de Basedow,” d. 13. 
Paris, 1894. 
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grandcliildren, 3 of whidi pulTored from the disoaso, wliilo tla' 
fourth was hysterical, llare**^* re|)orted a casir in a girl, whose 
great-grandmother and grandmother siilfered from oxophtlialmic 
goiter, and whose great-aunt, aunt, and motliei* siilferetl from 
goiter, which increased witli oacli ])regnan(*y in the ]uotlu‘r’s 
case. Grober^^ re})ortcd *1 cases of exophthalmic g<Mter io the 
same family, a brother, two sisters, and a niece. Ih G. (hirtin*- 
collected 40 cases of the disease in 15 families. 

Treatment. — -The great value of thyroid ]>reparations in 
hypothyroidia suggests that they should ]n‘ove harmful in tlu? 
opposite condition, hyperthyroidia, and partieiilarly in its most 
marked type, exophthalmic goiter. Indec'd, many cases on 
record suggest that such is the case. Ihit, in the light of th(‘ 
views submitted in the foregenng ])ages, tlu‘. reason for ilus(‘ 
untoward effects is ])lain: they wen^ due to tlu‘ tmipiric'al nst‘ of 
these powerful agents and regardless of the stage of tlu' disease' 
and of dosage. 

We have seen that exophthalmic goiicT is divisible' into 
three stages: tlie crefhic, that during which then* is c'xcc'ssive 
sensitization of the phosphorus of all tissues to oxidation and 
abnormally rapid cellular metalmlism; the Iransiiunuil, during 
which the overactive thyroid has undergone suflicient filjrosis t<» 
produce only such secretion as is nec'dcMl by ihc* body to carry 
on its functions, and the rinj.m^dcmnfoui^, during which advanc- 
ing sclerosis of the gland is increasingly inhibiting its functions 
until tlicsc cease and death occurs. It is ap])arent that during 
the eretliic stage the use of thyroid could ])iit add fuc*! to the* 
fire; that in the transitional it might prove useful to arrest tlic; 
excessive activity of the thyroid, which is inducing se!(*rosis, hy 
relieving it of part of its work, and finally that in the myxo'dema- 
tous it should prove invaluable, as it does in myxiedenia, as a 
life-saving measure. An even finer subdivision is lU'cessarv, 
however, one in which the primary cause of tlie disord(*r is takiai 
into account, if satisfactory results are to be obtained. During 
the erethic stage, as a general rule, thyroid and iodine pr(*p- 
arations are productive of serious liarrn. Idiey enbance inor- 
dinately the oxidation of cellular phos])Iiorus in all tissues and 


<<>Hare: Intern. Medical Magazine, April, 1898. 
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280 


THYROPARATHYROID DISEASES. 


increaso^ tlioreby, the p^eDeral vaso-dilation, which^ as T have 
shown, nndcriies all the major plienomena of the disease. In 
certain mild cases that are clearly due to a toxieinia of ovarian, 
uterine, or intestinal origin, thyroid is valuable (I have seen it 
cause c()ni])lete i‘et regression of the goiter) in small doses, i.e,, 
1 grain (O.Odd (Im.) of the desiccated gland during each meal, 
with abstention from meats to decrease the formation of toxic 
wastes ; hut wiuu’c* tlie sym])tom-c*orn|)lex of the disease is present 
in its entirety, the aim should l)e to prf)niote constriction of the 
arteries, and particadarly of the arterioles which control the 
volume of arhu'ial blood admitted into the organs, including the 
thyroid itself, the ])ost-oi’l)ital vessels, and tlie cardiac muscle. 
It is because of tiiis action, in my opinion, tiiat Huchard obtained 
good results from ergot and hydrobromate of quinine. ''Phe 
latter drug has also been highly recommended in this country by 
Forehlieimer. It may be given in 8-grain doses (0.198 Grn.) 
8 times daily in capsules, increasing the dose until r)-grain doses 
(0.88 (Jm.) are given. 8\> prevent its un|)leasant effects, which 
often occur proiiqdly, and rcMluce the erethism of the cerebral 
(‘enters (those of the j)ituitary in ))arti(‘ular) I also give 20 
grains (1.82 (!m.) of sodium bromid(‘ on retiring, adding 15 
grains (0.00 dm.) of chloral hydrate if the bromides do not 
(‘Ountera(‘t the insomnia. 

Som(‘ highly nervous woimm, es])(H*ially those who suffer 
from ])seudo-liysteria, any preparation of (pjinine S(^oms to in- 
cr(*ase discomfort. In these, the bromides at night, with chloral 
if necc’ssary to counterac't insomnia, should be supplemented by 
the use of ])heria(‘efin in -the daytime, 5 grains (0.88 Oni.), 
gradually incrc^asing tlie dose until 15 gi^ains (0.00 Gin.) are 
taken tl>r(‘e times daily. As stated above, the bromide reduces 
the |)alhogeni(^ hy])ersensitiv('iu'ss of the cerebral centers; the 
jihenacetin maintains this action liy causing constriction of the 
arterioles which supply them with blood — a common action of 
the coal-tar products (of which pbemunHin is the safest), as 
stated in the sc('ond volume.''* 

The favorable elfects obtained by llcnon and Delille‘‘‘‘ with 
pituitary gland are ex|)lainal)1e in much the same manner. In 

^ See vol. li. p. 128:1 to 1293. 

** Re no 11 and Delille: Bull. g^n. de th6rap.. May 8, 1907. 



exophthalmic GOITEIl. 


231 , 

doses of 4% grains (0.3 dm.) of tlio whole gland (ox), whieli^ 
they subsequently deemed advisable to inerease to V , i^rains 
(0.5 Gin.) in divided doses daily, tliey obtained marked rmiu-ove- 
inent. Jtallioii and (^irrion"" then found exjierimenlnllv that 
pituitary extracts ‘‘always produced their elVeets by raising tlie 
arterial tension,^’ producing at the same time ‘‘an intense vaso- 
constrictor action ujxm the thyroid body.'’ Ihieflv, we have 
here precisely the physiological actiim necessary- the vasocon- 
strictor power of tlie adrenal component of t}u‘ pituitary gland 
superseding the vasodilator action of the thyroid, tlu‘ underlving 
cause of the disease. 

Idle morbid etrects of the excessive oxidation of phosphorus 
to whicli the cellular elements are snlyjiu'ted require attention. 
The resulting exhaustion of the ])hos])horns in tli(‘ muscular laycu* 
of the arteries aids powerfully the ac'tion of the dt'pn^ssor n(‘rv(3 
in keeping the general vasodilation, including that of tht‘ thy- 
roidal vessels, thus keeping uj) the dist'ase. This phosjihorus 
must, therefore, he re))laced. lleiuu^ the value of sodium phos- 
phate, noted long by Kocher, Trachewski, Xhfh'smi. ( !0 cas(‘s), 
and others, and of tlu' gly(‘ero-p]iospliate of sodium in ‘iO-grain 

doses thr(‘e times daily, noted by M. Alh‘n Starr- though none of 

these autliors knew the modm opvmndi of these agiaits. 

Of great importance to enhaiKM; the curative' ju’oc'css is the 
free use of saline solution by enteroclysis and hyf)od(‘rmoclysis. 
The former, given at 108° F., sonudimes sullici's wlaui, after 
clearing out the intestines by means of an enema, the solution, 
using a qnaid at a time, is ndained sullicieiitly long- to insiii-(3 
considerable aI)sorption. If tins is not the case*, hypo<!(‘rmr»<‘lysis 
every oilier day, regulating tlie quantity according to the ease, is 
indicated. By increasing marke<IIy the (»smotie propeuties and 
the viscidity of the blood, its toxicity and its ('xciling action on 
the thyro-adrenal center are greatly redncf'd, and [lie (‘limination 
of the pathogenic poisons by the kidneys and the intestinal tract 
is greatly enhanced. 

The causative condition must lie carefully sought and, if 
possible, removed. In cases due to prognaney, menopaust;, and 
inadequate ovarian develojiment, tlie disorder is mainly due to 
inability of the thvroparathyroid apparatus to neutralize the 

^Hallion and Carrion: Soc. de Thfirap., March 13, 1907. 
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increasing tide of wastes tlie blood contains. The organ is 
abnormally stimulated^ in the sense that its arterioles are widely 
opened to allow a vastly greater volume of arterial blood than 
usual to enter it, and it becomes enlarged. Here, thyroid 
])reparations^ starting with 1 grain (O.Obb (Im.) of the 

dried gland, are of groat value by com])ensating for the organ’s 
deficiency. If the toxamiia is of intestinal origin, meats should 
be banis]KJ<l and free salitie purgation — in addition to the 
measures advocated in the preceding two ])aragrai)hs — is indi- 
cated. Highly nervous or })seudo-hystei‘ic cases are also helped 
by the Irromide, jjhenac^etin, and saline solution treatment, but 
rest in these cases and in those due to traumatic shock is of 
great importanc'e. In fact, it must l)e borne in mind that 
exertion imu'cases toxic waste formation, and, therefore, the asset 
of pathogenic poisons, and that rest is always indicated. 

Ahirious sera obtained from animals deprived of their 
thyroid: lialhd and Hnricpiez’s dog serum, Aldbius^s slicep 

serum, or "huitithyroidiii,” Rogers and Beebe’s serum, obtained 
from rabbits or sheep inoculated with extracts of exo])hthalmic 
goiter, are all of value in tliat they are all antitoxic substances 
which aid the blood in neutralizing the pathogenic j)oisons. 
^riiis applies also to lijiiizV results with the milk of thyroid- 
ectomizod goats’ nulk, which gives the same reactions as blood- 
serum in so far as its antitoxic constituents are concerned. 

During the traii.silional stage the treatment depends entirely 
upon the progress made by the atrophict process. As a rule, how- 
ever, signs of myxiedema are already present; in that case 
thyroiil i)reparations are indicated, as they are during the myxm^ 
deinalou^i stage. 1’he latter is virtually a case of niyxcedema and 
requires the measures recomnu'nded for that disease {({.v,). In 
both these stages, however, there is a marked tendency to cardiac 
failure, and digitalis or strophanthus are ])recious adjuvants. 

When medicinal treatment fails, surgical measures are indi- 
cated: partial thyroidectoiny or, as frequently done by the Mayo 
brothers, ligation of the thyroid arteries — a measure quite in 
keeping with the aim of the treatment detailed above. The X-ray 
applied only to the gland has also been recommended by Rave, 
Simon and Berger Schwaab.'*’* 

w BorRor and Schwaab: Cited by J. H. Jacobson, Annals of Surgery, 
March, 1913. 
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THE ADRENAL SYSTEM AND PITNCTIONAL 
ACTIVITY. 

By ‘"Sidronal system;’ I moan a fnnetiomil union of tlu' 
three or^mns studied so far, viz., tlio piinitarv body, tlu* adrenals, 
and the thyroparathyroid api)araius, the lirst-named orpin eon- 
tainiiig, as previously statnl, tlie governing or eo-ordinating 
center of the* two others. The importaiu'e of this union will 
assert its(‘lF when wi* ('onsider sneh dis(*as(‘s as aeronu'galv, whieli, 
though due primarily to a lesion of the pituitary, manirest; them- 
selves through tlieir influenee. uj)on the adrenals and the tliyro- 
])arathyr<)id apparatus. 

To make this ami othi‘r (pii'sticms inti‘lligihle, howi‘ver, it is 
necessary to show that what I liave t.erm(‘d (i(/trm).ri<f(i,sr (tlu* 
oxidizing suhstanee of adr(‘nal origin) (‘irculat(*s in all organs — 
in eonjunetion, of I'ourse, with tlu* thyro|>arathyroi(l seio’etion, 
tJiough the lattiu* will not l)e mentioiUMl, t(» avoid confusion. 
Even the nervous system, we shall s(‘(*, is travers(M| hy adn‘no\i- 
dase, thus bringing tlie neuron itself within the Jield of the 
general circulation. 

ADKKNOXIDASK AND TFIK MOTOR XKIO'KS TX TIIKIR 
RELATION TO MLSCUl.AH ('ONTILXOI’ION. 

The skeletal .muscles stand ajiart in respect to vasonu)tor 
functions. The symjiathetic system supiilies nerv(‘S to un- 
striped muscular libers elsewhere, and yet this system is not 
known to extend to the extremities. Again, vasoconstrictor's 
and vasodilators are said to accompany the larger rrerve-hundles, 
— the sciatic*, for instance; but a survey of the fii*!d distinctly 
shows that the evidence as to the existence of s(*f)arate vaso- 
constrictors is pundy inferential. Since tlu; sym|)athetic nei*v(? 
does not appear to send subdivisions to this class of muscles, the 
association of constrictors of another source introduces an (‘h*- 
ment of confusion, not only as regards the peripheral structures 
themselves, l)ut particularly in rcspwt to the central origin of 
the two systems classed under the one single term of “vaso- 

( 233 ) 
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niotoi's.'’ As it is impossible to proceed witliout clearing this 
question, we will first as(*ertain whether the prevailing views as 
to the physiology of the circulation in the muscular system may 
not^ in tlie light of my own conceptions, be subject to change. 

Adiiknoxidasi!] and Myosinooen. — In the production of 
muscular contraction a nerve-impulse is of course transmitted 
to- the muscular elements; but how are this impulse and the 
resulting (contraction related to the functions of the blood itself? 
This (juestion is suggest(‘d by the r(')le 1 liave assigned to the 
oxidizing substance or adrenoxidase. 

Stewart* refers to the thermal phenomena of muscular 
contraction as follows: ^‘When a muscle contracts, its tem- 
perature rises; the 2 )roduction of heat in it is incg’eased. This 
is most distinct when the muscle is icdanized, but has also been 
])roved for single (contractions. The change of temperature 
(‘an be detecteal by a deli(cate mercury- or air- thermometer; 
and, inde(*d, a ther.monuder thrust among the thigh-muscles 
of a dog may rise as mu(‘li as to 2*^ C, wlu'n the muscles 
are thrown inio lcl({nus/* That tetanus is a plumomenon of 
hyperoxidation through suprairnal overactivity we liave sug- 
g(‘sti'd wIkui sludying the action of drugs. This affords a 
first clue: If the plasma (M)niains an oxidizing substance, the 
cliemical changes in muscular tissue during contraction— he., 
a,bsor|)tion of oxygen, incivased j)roduction of carboir dioxide, 
change of reaction from maitral or alkaline to acid, and finally 
the formation of sarcolactic a(‘id — clearly suggest lliat the 
contractile proc(‘ss and the mechani(‘al energy utilized may 
be due to an incr('as(‘d supply of oxygen through the agen(?y 
of the oxidizing sulistance. Indeed, Krimeckcr has shown 
that “the injection of arterial blood or evem of an oxidizing 
agent like potassium pinmanganate into the vessels of an ex- 
hausted muscle also causes restoration.” If an, agen(\y so 
remote in composition from the normal organic fluids can 
restore merely through its oxidizing power an exhausted mus- 
(*le, so eminently physiologicad a fluid as the blood-plasma, 
charged with oxygen m loose combination, must surely possess 
coi*respondingly active properties. Indeed, the link seems to 


1 Stewart; “Manual of Physiology,” p. n98. 
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be a strong one if the full meaning of the following sentence 
from Foster’s “Fliysiology'^ (sixth edition) is gatlu‘red: ‘‘We 
niight compare a Jiving muscle to a niimher of line, trans- 
parent, membranous tul)es cindninlng hlood-phu^iun:' If we 
also recall the Jacit that capillarit‘s do not possess eontracdile 
libers and that art'erioles re]>ri‘S('nt ihe ultimate snl)di\ isioji 
to whicli vasoniotoi* n(*i’\'es ai’c distril)iit('d, it. be(‘onu‘s clear 
that we have all the mechanical idements lu'ci'ssarv to account 
for some unexplaim'd phcaioniiam that attend mu.scular {M)n- 
traction. An impulse' capal)lo (d' <'ansing a chang(‘ of caliber of 
a peripheral arterioh* would thus suddimly admit more' arterial 
blood — i.e., mon* oxygen-laden plasnui- into llu‘ “line, trans- 
parent, membranous tubes/’ and (‘onl i-act ion, an inhiuxait 
property of muscular tissue, would follow. 

The ])r(*vailing vi(‘ws as to tin* natun* of the ju’oec'ss 
tlirougli which tlu' nuH'hanical (uungv ulili/i'd during museular 
activity caus(^ (ontraction or retraction !nay lx* il lust i’a((*d by 
selections from rnd'essor Fostm-'s text. deferring to the 
chemical analogy betw(‘en the axis-evlimhu* and .miiscF'-tissiie, 
he. says: “We liave no satisfactory (‘viihmcc that in a mu've 
even repeated muwous impulses can give i‘is(* to an acid \v~ 
action” , . . “nor hav(* we satisfactory cvideiu'c that Ihe 
progress of a nervous inipidse is accompanied by any selling 
free of energy in the form of heat." In the summary, referring 
to the terminal plumoirn'iia, lie remarks: “This mus('le-imj)uls(*, 
of which we know iiardly more than that it. is mai'ked by a 
current of action, travels from each emhplale in l)«)lh direc- 
tions to llie end of llie liber, wlicre it appeal’s to be lost ; at 
all events, we do not know what becomes of it-. As this im- 
pulse-wave, whose develoj)nu‘nt takes plac(‘ entirely within the 
latent period, leaves tin* end-plate, it is ffdloircd by an cxplosivi' 
decomposition of juaterial, leading to a discharge ot carbonic 
acid, to the appearance of some siibstanci* or substances, with 
an acid reaction, and proba-bly of otluu- unknown things, with a 
considerable developrinuit of Iieat. '^I’liis explosive d(‘(om|K)si- 
tion gives rise to the visible eontra(*tion-wave, whieli travels 
behind the invisible muscle-impnlse at aliout the same rak*, 
but with a vastly increased. wave-length. The fiber, as tlu* wave 
passes over it, swells and shortens, and ibus In’ings its two 
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ends nearer together. Wlieii repeated shocks are given, wave 
follows wave of nervous impulse, inuscle-iinpulse, and visible 
(contraction; but the last do not keej) distinct; they are fused 
into the continued shortening which we call tetanus.^^ 

The last word, “tetanus,’^ stands as the liighest expression 
of a rapid succession of nervous impulses; but, viewed from my 
standpoint, this succession of impulses can as readily pi’oducc 
successive variations of vascular caliber, and give rise to pre- 
cisely the phenomena, witnessed, by admitting the oxidizing sub- 
stance of the bloo(l-j)lasnia into the line, ^‘membranous tubes.” 
'^^riie shock experieiK'cd wlieii the current is turned ^‘on” or “off” 
further suggests lhat the latter ])rocess is the true one. “TJie 
mere jjassage of a constant cniTent of uniform intensity 
throiigh a lu'rve does not, under any circumstances,” says 
Ih’oh'ssor Kosttu*, “acd as a stimulus generating a nervous im- 
pulse; such an impulse is (uily set up when the curient either 
falls into or is shut olf from the nerve. It is the enlranre 
or the erit of the current, and not the continuance of the 
current, which is (he stimulus.” . . . is the sudden 

change from one condition to another, and not tlie condition 
itself, which (auses the nervous impulse.”^ 

The confusion that attends prevailing vi(3ws as to the 
manner in whicdi muscular tissue is physiologically caused to 
contract is readily accounted for wlum, in the light of the 
newer (conceptions outlimMl in the last (chapter, we analytically 
dissociate the various causal (dements of muscular aidivity. 
Indeed, we liave seem that various phenomena ascril)ed to the 
sympathetic system belonged to the domain of the adrenals 
to what I have termed the adrenal system ; we are again 
l)rouglit to realize that in all organs certain functions must 
likewise, and for the same reasons, be disccmnexded from 
others as regards their immediate purpose in the tissues. 
Thus, the fact that the impulse, which ‘^travels from 

each end-plate in both directions to the end of the fiber, where 
it appears to be lost,” is at present considered as an inherent, 
tJiough causal, element of the ^^explosive decomposition of 
material, (dc.,” through its activity as a physiologmal stimulus. 


*A11 Italics arc my own. 
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But if we eau separate these elements of tlie process into two 
distinct parts, viz.: (1) a nervous impulse to the muscular 
elements themselves, ami (2) a simultaneous chaui^e in tlie 
caliber of the local arterioles, the fact that as the impulse U'aves 
the end-plate “it is followed by an explosive* (lei'ompositioii of 
material, leading a discharge of carbonic acid/’ will stand as 
the only result to be expc'cted. Sucli a division becomes neces- 
sary in the light of my conception of the process. 

While the nerve-impulses only have for tlieir purposi* 
to excite and govern contraction, the blood — i.o., the blood- 
plasma mainly — through its oxidizing substance b(‘comes the 
factor through which the chemical process to which contrac t ih* 
work is due is suddenly awakened. A fc'ature of this conc(‘p- 
tion upon which ])ariicular stress must be laid — since it apjdies 
to all organs — is that it dissociates from tlu^ oxidation ju'oct'ss 
per' se a stimulus which does not belong to it and which, tlu'n*- 
fore, introduces elements of confusion. ^^Wo cannot t(‘ll." says 
Stewart, ^^in wliat the ^natural’ or ^])bysiologicar stimnlns to 
muscular contraction in the intact body really consists, nor 
how it differs from arii(icial stimidi.” Relieved of this an- 
tonomons agency the organic physico-cluMiiical ]U’occss(‘s enba* 
within the limits of exact investigation. 

Oxygen in otlier fields of tliermoclieniisirv is known to 
constitiite the reactionary agent through wln'ch “(‘\plf»siv(‘ de- 
composition” is awakened and sustained. H’liat it lulfills the 
same role in this connection, some complex organiev e(mi|»oum] 
in the muscular fibers constituting the ])rimary source ol en- 
ergy or fuel, is probable. Tender these cinMimstam'es llu! 
passive ^irritability” of a living musele would l)e iuaintaim*<l 
by a continuous reaction in which the reagents wmdd be ibe.''(? 
compounds — i,e., hydrocarbons— and the oxygen held in loose 
combination in the blood, ])artieularly the hh)od-plasma, ^\hicli 
penetrates the contractile elements themselves. Ibis irnfa- 
hility would then become abruptly converted into cnnlrnrfihb/ 
when the blood-supply— f.c., the plasma in the coniniviVat fibers 
—would be increased through the arrival of more oxygen. 

Considerable familiar evidence l)esides that {ilr(*ady ad- 
duced is available in stipport of this conception of the general 
physiology of muscle-tissue. Although continuous muscular 
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contractility is generally tliought to be associated with nerve- 
iinpiilsc, destruction of all nervous connection witli a muscle 
does not cause it to lose its excitability. Its inherent property 
in this particular is shown by the fact that, although the apex 
of the heart contains no nerve or nerve-cells, it nevertheless 
responds to stimulation. Even when detached from the body, 
muscles preserve their contractility for a time under suitable 
conditions, ^l^hiis would appear to eliminate the need of fur- 
ther energy to accjount for the plienonuma witnessed ; but the 
contrary is the case, since it shows why inuscuhir tissue, owing 
to its inherent irriiaJ)iIity, resjumds to various stimuli: vital, 
electrical, j>hysico-(benii(^al, and mechani(*al. Electricity^, we 
know, acts as a powerful stimulus, but h(‘at alone acts in pre- 
cisely the same manner if the temperature is adequate and is 
raised rapidly ; marked contraction may thus be caused when 
30° (k is reached, and violent activity induced before the mus- 
cle is heated to 45 degrees, (diemical stimuli will produce the 
same effect, provided llu* reaction induced occairs with suni- 
cient rapidity. 

That the nervous im})ulse is not the source of mechanical 
energy uiilized umh'r these circumstances, is shown by the fact 
that a chemi(*al stimulus applied to a nerve, aininonia, for in- 
stance, will not stimulate it though it will excite the muscle; 
various acids, hydrochloric*, acetic, eh*., will give rise to tlie 
same phenomena. ^‘(\*rtain ])oisons ((*iirar(*) (*ause the motor 
nerves to ])ecome com|)l(‘tely ijicapahle of action, says M. 
Duval, ‘"^and, therefore, incapable of transmitting irritation to 
a (nuscle; nevertheless, under these* i*ircumstances, the excited 
musede can directly )>ass fron\ the stute of rest to that of 
activity (Chuuh* llernard, Kcdliker) ; the ultimate and fine 
nervous ramilications that they contain take no part in this 
irrHability, siiu'c the poisons referred to kill mainly tlie intra- 
muscular endings of the nerves (Vulpian). A motor nerve 
soj)arated from the cereliro-spinal axis loses, after four days, 
all excitability; the muscle, on the contrary, previously in- 
nervated by this nerve remains directly excitable more than 
three months (Longet).” 

That muscle is direct!}^ and independently excitable by a 
large number of stimuli is evident; that oxygen should. 
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through Gxacerbations of a continuous physico-chcinical re- 
action of which its tissues arc tlie scat wliilc in the passive 
state, he able suddenly to awaken tlie active state is as clear. 
When the muscle is in the passive state, the transformation 
of energy incident upon tlie continuous reaction manifests it- 
self as heat; wliile, when it is active, it manifests itself as 
greater heat plus nieclianical work. Armaiid (lautier has as- 
certained that a working muscle took up ninr iintrs }n()vc blond 
than a rcsthuj one, and that the ratio of carbonic* acid givcai 
off by it or transmitted to the venous blood was lUMirlv one 
liundred times greater. This raises the (piestion as to whether 
the conversion of chemical energy into the mechanical work 
upon which contrac'tion depends must first he transformed into 
heat energy. A study of this (pu'stion by Profi'ssor (Jautim*, 
based on Carnot’s in vestigations, showed that, just as in a 
voltaic cell in which tiu? chemical })olen(ial at on(*e appears 
under the form, of electricity without jaissing through tlu* 
intermediate state of ]u‘at, so can intramuscular cluMiiical 
energy become directly transformed into work. Indeed, lu' 
found that (15® C. (M9‘" F.) would rcpres(*nt the llnal tempera- 
ture of an aedive muscle, were it otherwis(‘, and rtMiched the 
conclusion that ‘‘a muscle contracts and works owing to a 
direct transformation of tlie chemical jiotential into elastic! 
tension, without ever recpiiring the intervcaition of the heat 
which theoretically accounts for internal combustions.^’ 

Tliese facts seem to me to Avarrant the dedir^tions: — 

1, That the mechanical enenjy niilized bij lirinf) volunlnnj 
muscles in the passive state is converted chemical enerfju, the 
result of a reaction in the ninscidar contrarlile elements daring 
which various compounds, mainly hydrocarbons, are oridized, 

2. That active muscular trorJr is the result of an r.racerba- 

tion of the activity of this niechanical process, attended with a 
direct transformation of the poie.nliat : ue., irritability, 

into the active potential: i.e,, contraetiliiy. 

The suggestion that the reaction occurs in llic living con- 
tractile elements themselves cannot, for obvious ^‘a^^ons, he 
demonstrated experimentally. But if we associate J'osters 
comparison of a living muscle to numher of fine, trans- 
parent, mem br an mi a tubes containing blood-pbtsma” with iny 
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conception of tlic nature of blood-plasma as an excipient for 
an oxidizing agent of adreno-pulmonary origin, on the one 
side, and, on the other, recall the view of Engleniann, that a 
fluid substance j)ass('s from the bright bands of the fiber — i.e.^ 
the interstitial disks — into the dark bands — the contractile 
disks, — the intimate process would be as follows : The hydrocarbon 
compounds would occupy the contractile disks, while the oxidiz- 
in<j substance would fill the interstitial disks, and on the propor- 
tion of the latter entering the contractile disks would depend the 
activily of the oxidation process and the degree of contraction. 

Furllier evidence that the general process outlined pre- 
vails may be obtained by tracing the identity of myosin: the 
substance found in the muscles after death. ^^While dead 
muscle contains myosin, albumin and other protoids, extractives, 
and certain insoluble matters, togetlier with gelatinous and 
other substances not referable to the muscle-substance itself,” 
says l^rofessor Foster, ‘fliving muscle contains no myosin but 
some substance or substance's which bear somewhat the same 
relation to myosin that the antecedents of fibrin do to fibrin, 
and which give rise to myosin upon the death of the muscle, 
^rhero are, indeed, reasons for thinking that the myosin arises 
from the conversion of a previously existing body which may 
be called myosinogen, and that the conversion takes place, or 
may take ])lace, by the action of a special ferment, the con- 
version of myosinogen inio myosin being very analogous to 
the conversion of fibrinogen into fibrin. We may, in fact, 
s|)eak of rigor mortis as characterized by a coagulation of the 
muscle-jdasma com|)ai'able to the coagulation of blood-plasma, 
but dilfei’ing from it inasmuch as the product is not fihrin, 
but myosin. The rigidity, the loss of suppleness, and the 
diminished translucency a])pear to be, at all events, largely, 
though probably not wholly, due to the change from the fiiid 
plasma to the solid myosin. We might compare a living muscle 
1o a numb(‘r of fine transparent membranous tubes containing 
blood-plasma. AVlien this blood-])lasma entered into the ^jelly’ 
stage of coagulation, the system of tubes would present many 
of the ])henomena of rigor mortis. They would lose much of 


■ All italics are our own. 
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their suppleness and transliicency, and ae(]nire a certain ainnnnt 
of rigidity. There is, however, one very marked and impor- 
tant difference between the rigor wort is of mnsele and tlie 
coagulation of blood. Blood during its eoagulation under<:o(‘s 
a slight change only in its reaction; l)ut muscle during tlie 
onset of rigor moriis becomes distinctly acid." 

If niyosinogen wore the precursor of the myosin of rigor 
mortis, what would its composition prolialdy 1)(‘ and how would 
it become metamorphosc'd into myosin? 

I have submitted the data sustaining my view as to tlie 
existence of the oxidizing ]>rinciplc. and liave nd'erred to it 
as a body derived from the suprarmial glands, wliich, in pass- 
ing tlirough the lungs, entered into loose combination with 
oxygen. The labors of Schmiedeberg, Salkowsky, »la(piet, 
Abelous and lharncs were quoted lo show that sindi a prin- 
ciple had also been found by chemical methods, though its 
origin remained unknown to them. 

If combustion of products of nuclein m(‘tal)olism in ih(‘ 
blood-plasma, through tlie 2^i'esence therein of oxidizing sub- 
stance, can produce uric acid, it seems reasonable to (*onclud(> 
that, if this same substance is also present in myosinog(‘n, w(‘ 
should find evidence of a similar action. Not only is this tlu' 
case, but the same products of metabolism are found in mus- 
cle-serum: the liquid portion of muscle-plasma ()biain(‘d by 
rubbing up and expressing fresh musede. ddiough obi aim'd 
only in very small quantities, the purin liases, (Tcatin, xanihin, 
hypoxanthin, and creatinin, are always found in addition io 
their end-product, uric acid. Phosphoric acid — a wasb'-prodmd 
derived mainly fj*om the catabolism of ]H*rve iissiu's — is an- 
other link between muscular plasma and tliat of flu* gem'ral 
blood-stream. Of course, these various bodies should not 
be considered as elements of muscular activity. Tladr liis- 
tory indicates that, along with other albuminoids found, tlaw 
are mere passive hosts of the muscular plasma as waste- 
products of muscular ^m?/c-metabolism, destined to be con- 
verted here, as elsewhere in the organism, into harmless bodies, 
acids or others. 

The active constituents of myosinogen, as far as muscular 
irritability and contractility are concerned, must be of another 
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kind, and are perhaps specific to muscle. Especially must this 
be the case since it possesses, we have seen, a special physical 
attribute: i,e., the direct conversion of chemical energy into 
mechanical work, without involving the corresponding evolution 
of heat wliich oxidation elsewhere in the organism engenders. 
TJie word ‘^corresponding” is used because we jnust not lose 
sight of the fact that considerable heat is produced during 
muscular contraction, and, indeed, that it is subject to marked 
variations under the influence of fatigue, tension, the state of 
the blood, the work done, etc. Yet the heat evolved is not 
commensurate with the muscular work done, and if we deduct 
frojii the heat ])otential actually ])roduced that which intra- 
muscular (‘ombustion of waste-products incident upon increased 
exertion (uitails — an unjrroductive factor as regai'ds work — tlie 
need of the direct convei’sion of chemical energy into mechan- 
iciil w'or’k^ — /.c., conti’action of the muscle — will appear. 

One of tlie constituerrts of myosinogen giving this body 
Foster’s interpretation (jrage 2-10) must be glycogen, since it is 
the constituent of muscle which diminishes during activity, while 
it accumulates during rest. Olycogen was shown by Claude 
llernard in i(S-lS to be formed in the liver-cells from food, 
especially fi'mii sugars and starches, derived in turn Ironi 
glucose: one of tlie products of digestion. Herbivorous ani- 
mals, such as oxen, horses, etc., — those that only feed 
upon substances that contain these hydrocarbons, — are ob- 
viously endowed witli grvat muscular power. It is evident, 
thei*efoi‘e, that the soui'ce of the energy to be ultimately trans- 
formed into mechririical work must be stored in these vegetable 
substances to a very great extent. Glycogen may not, how- 
ever, migrate as such toward the muscular elements — since it 
would undergo oxidation in the blood; it is tliought to be 
retransformed into glucose by a feranent and distributed as 
such to the muscular tissue, where it is again dehydrated 
(CgHjoG,, — irX) II, „()..) into gly(‘ogen, ready for func- 

tional use. Tliis (jiiestion will be studied later on. 

Outside the organism lactic acid is known to be a product 
of fermentation of glucose, dextrin, and glycogen; hence the 
conclusion that .srrrcolactic acid is formed during muscular con- 
traction. According to prevailing views, however, the evidence 
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tends to show that siieh is not the casc% because sarcolactic 
acid is produced during progressive rigor mortis, ])recisely as 
it is during niiisculai coiitiactioii, 11^ liowevcr, tlu* process is 
interpreted from my standpoint, including the ])i'eson('e of an 
oxidizing principle in the muscle-plasma —/.c.. the myosinogen, 
— tliis negaU)ry evidence is eliminated. According to classic 
doctrines, the nervous impulse is a direct initial factor of mus- 
cular contraction, whereas from my standpoint it is an indirc'ct 
initial factor, an exc(‘ss of oxygen being the imitor of con- 
traction. The continuation of oxidation during the progrt'ss (d* 
rigor niartis, therefore, becomes a normal oiit(‘ome of the post- 
inorleui vascnlar dilation, the remaining oxygen t!ntt*ring into 
combination with the Jivdrocarbons present, as long as the 
myosinogen is siilTiciently licpiid to piwmit of it: /.c., before 
it has assumed the state of myosin. 

Considered from this ])oint of vic'w the many moob'd 
features of the process appear — it seems to me — under their 
proper light, tllycogen is absolutely known, tirst, to diminish 
during muscular contraction; second, to acciimnlate during 
rest; third, to decrease rapidly when an. unfed animal is nunh* 
to work. Notwithstanding these established facts, it is deenu‘d 
inadequate, as judged from the analysis of dead miisch*, to 
quantitatively satisfy the needs of the ])rocess. A\'ith o\yg(*n 
as the initial factor it becomes clear that d(‘ad muscle {)nly 
sliows the residue of the co.mbustion that has gom* on <luring 
the progress of rigor mortis, and that the glycogen rati«) slaadd 
therefore include that of the sarcolactic acid, — lo say nothing 
of other products of coinbustion that may hc^ present, — which 
would bring the proportion of glycogen to a much higher ligure 
than analyses undei’ present conditions furnish. 

Can we say, however, that glycogen alone satisfies the 
needs of the process? The fact that the most |M)werlid of our 
domestic animals — oxen, horses, caimds, elejjhants, (*tc. are 
all herbivorous would suggest that such is the case. Again, it 
is the one constituent that is positively known to diminish 
during work and to accumulate during rest. All other sources, 
even fats, which are probably entitled to a places among Ihe 
sources of .muscular energy, have only be(*n theoretically asso- 
ciated with muscular work, while the fact that the amount 

16 
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of urea is not materially increased during muscular exertion 
tends to eliminate the proteids. Muscles from which glycogen 
is absent are stated to respond to stimulus; but the inherent 
irritability of muscle-tissue readily accounts for this. On the 
whole, experimental evidence, if considered in the light of the 
views herein advanced, tends to show that glycogen is the main 
consiiiuent of myosinogen with which the oxygen of the blood^ 
plasma combines to incite contraction. 

The absence of free oxygen in muscle has been adduced 
as evidence to show that the carbonic acid evolved could not 
be formed by direct combustion. It becomes clear that if the 
oxygen is used u]) to the last — to sucli a degree that a muscle 
will absorb oxygen from the surrounding atmosphere — none 
will be obtained from .its tissues, even with the air-pump. 
Tha transition of a muscle from its normal neutral reaction to 
an intensely acid one when the rigor mortis is fully established, 
is also accounted for by the oxidation of glycogen. Prolonged 
tetanus likewise causes acidity of the muscle; we have seen 
that this is due to excessive suprarenal activity: ix,y to hyper- 
oxidation. 

This subject is of such importance that we deem it ad- 
visable to meet each mooted point as presented by Professor 
Poster precisely as if the problems were placed before us for 
solution : — 

1. ^^At the outset of rigor mortis there is a very large and 
sudden increase in the production of carbonic acid: in fact, 
an outburst, as it wore, of that gas.’^ 

The onset of rigor mortis also represents the moment when 
vascular tonic contractions cease ; the blood-vessels being sud- 
denly dilated, a correspondingly great amount of oxidizing 
substance is as suddently brought into contact with the energy- 
holding substances in the myosinogen, and an outburst of car- 
bonic acid ensues. 

2. ^^The increased production of carbonic acid during 
rigor mortis is not accompanied by a corresponding increase 
in the consumption of oxygen.^^ 

This conclusion, based on the consumption of oxygen in 
which the dead experimental animal is placed, does not take 
into account the oxygen stored in the animaTs blood-plasma. 
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As shown in the first answer, the oxidizing substanee in the 
latter is fully able to give rise to the prodiietioii of the car- 
bonic acid observed, 

3. muscle (of a frog, for instance) contains in itself 
no free or loosely attached oxygen; when subjected to tlie 
action of a mercurial air-pump it gives off im oxygen to a 
vacuum, offering, in this respect, a marked contrast to blood.” 

A detached muscle is, as far as its vascular (‘lemenis are 
concerned, similar to a muscle in which rigor mortis has begun. 
Its oxygen is not in siiHicienilv loose combination to yield to 
the dissociating action of the pump when stor(*d in myosi nogen, 
owing to its affinity for various constituents of the lathT. 
While in extra corpore blood the oxidizing priiudple of the 
plasma might yield its oxygen in vacuo, it is j)rohal)le that it 
will not, judging from recorded data, though it will do so to 
salicylic aldehyde, benzol, and benzilic alcoliol, jis shown by 
Schmiedeberg, Jaquet, Salkowsky, Abelous and Biarnes, 

4. ^^When placed in an atmos])here free from oxygen it 
will not only continue to give off carbonic acid whiles it remains 
alive, but will also exhibit at the onset of rigor mortis the same 
increased production of carbonic acid that is showui by a mus- 
cle placed in an atmosphere containing oxygen. It is obvious 
in such a case that carbonic acid does not arise from the dire(*t 
oifidation of the muscle-substance, for there is no oxygen present 
at the time to carry on oxidation.^^ 

The oxidizing substance when brought into contact witli 
the myosinogen gives rise to an intramuscular reaction : one 
which, therefore, may continue in any atmosphere whether 
the latter contains oxygen or not. 

Professor Foster then summarizes prevailing views as to 
this subdivision of the general subject, as follows: ^^We are 
driven to suppose that during rigor mortis, some complex body 
containing in itself ready-formed carbonic acid, so to speak, 
is split up, and thus carbonic acid is set free, the process of 
oxidation by which that carbonic acid was formed out of the 
carbon-holding constituents of the muscle having taken place 
at some anterior date.^^ 

The process appears to me to be fully accounted for as fol- 
lows: The presence of the oxidizing principle which the supra* 
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renal glands indirectly f urnish to the blood-plasma accounts for 
the phenomena witnessed. The abrupt increase in the produce 
tion of carbonic acid after death is due to the sudden relaxation 
of the normal tonic vascular contraction incident upon the lethal 
state and to the equally sudden onslaught of oxidizing substance 
upon the myosinogen thus induced. Myosinogen becomes myosin 
ivhen the supply of oxidizing substance ceases. 

But can functional activity be maintained in an organ 
merely by an increase of the local blood-supply? That such 
is the case may be shown by means of one of Claude Bernard’s 
experiments, — that in which he demonstrated the existence of 
vasodilator nerves. Having severed the chorda tympani, — a 
branch of the facial distributed to the submaxillary gland, — 
he found that, when the peripheral segment of the cut nerve 
— that leading to the gland — ^was electrically stimulated, its 
normal function became manifest. Mathias Duval described 
the phenomena that immediately ensue as follows: ^^While the' 
salivary secretion is thus in(;reased, the blood-vessels of the 
gland are seen to become greatly enlarged ; previously invisible 
arterioles become red and turgescent. If the main trunk of 
the gland is exposed, it is seen to increase in size, while its 
contained blood, hlach'sh before the experiment, becomes as red 
as arterial blood the moment the chorda tym])ani is stimulated ; 
indeed, if the vein is cut, the blood may be seen to flow in 
rhythmic jets, as it docs from an artery, while it merely drools 
out when the gland is in the state of rest: i.e., when the 
chorda tympani is not excited.” 

The organ selected for the illustration, the submaxillary 
gland, is particularly advantageous for the purpose, because 
its vasodilator nerve, the chorda tympani, is isolated from the 
vasoconstrictor branch of tlio sympathetic, also distributed to 
the gland: a feature of importance. Again, it is evident that 
function occurs without the active participation of the nerve- 
impulse per se, such as that associated with a "motor” nerve. 
We have, in Professor ])uvaPs presentation of the process, an 
exact description of the mechanism of active function. There 
is not only increase of blood, but increase of energizing blood: 
i.e., blood that is not allowed to become venous in situ. The 
carbonic acid evolved must at once be removed; hence the 
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rapid flow; while the veins are for the time hein^, as lonj^ 
as active functions continue, transfoniied into arterial chan- 
nels. Briefly^ more arterial blood means more work. As we 
shall sec later on, this is the only process throiio;!! which tlie 
potential of any or<Tan— /.c., its latent i)ower to do work— is 
maintained and its functional activity awakem'd when n^ciuired. 
Whether the structure involved he muscular, lu*|)atic, ^uistric, 
renal, cerebral, splenic, etc., the excitine: ractor of activity is 
always — shall we say blootVl No; all this evidence shows that 
the oxidizing substance (adrenoxidnse ) is the main factor of ail 
functional processes, and that the red cor puscles are but carriers 
of this suhslance, which they deal out to the plasma to sustain 
its effciency as an oxidizing body. W(‘ have seen that Salkowski 
was also led, but by chemical methods, to deny the red ('oipus- 
cles the all-important role now'-ascril)ed to them. 

The Motor Nerves and their Hole in Miuscular 
Contraction. — \sq. must now transfer our attention to the 
‘S'asoconstrictor” side of the question. 44ie stdatic nervt‘ is 
thought to be supplied with vasodilator and vaso(*onstrictor 
fibers. Division of this nerve causes the usual widening of 
the arteries, while clc(*trical stimulation of the pt‘rij)heral 
nerve-end causes contraction of the dilat(‘d arteries. This 
coincides with the experimental restdts of section of tlu‘ cer- 
vical sympathetic, the splanchnic, (dc., alr(*ady giv(ui. “Rut 
sometimes a different result is obtained,” says Foster, “on 
stimulating the divided sciatic nerve: the vessids of the foot 
are not restricted, but dilated — perhajis widedy dilated": a 
phenomenon which leads him to conclude “that the sciatic 
nerve (and the same holds good for the bra(‘hial plexus) con- 
tains both vasoconstrictor and vasodilator fibers,” and to in- 
terpret the varying results as due ^To variations in the relative 
irritability of the two sets of fibers.”* These remarks arc only 
intended by their author to convey, not a pi'rsmial conclusion, 
but an inferential deduction based on what testimony the 
experiment referred to affords as to the existence, in tiic sedatic 
and brachial plexuses, of both constrictor and dilator fibers. 
It is the value of ’ the testimony itself, and not the authors 
deduction, therefore, that we arc analyzing. 


^ Tlie italics are my own. 
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A query that normally suggests itself is the following: 
What is the experimental value of the current for the deter- 
mination of the specific function of any nerve when its relative 
irritability is a sufficiently prominent factor to cause it to in- 
dicate, under the influence of this current, one function at 
one time and the opposite function the next? Evidently the 
variation in irritability must mean either — as is the case with 
the nerves of the parotid gland — ^that the antagonistic nerves 
are directly connected or juxtai)Osed or that one is sufficiently 
metamorphosed organically as to modify its conductivity. 
Framed in this manner, the query meets with a ready response: 
Inasmuch as vasoconstrictor and vasodilator nerves accompany 
the sciatic nerve, they become common conductors when the 
circuit is closed, and any indication furnished, therefore, is of 
no scientific value. 

There is another possible explanation, however, viz. : 
Either one of the dilator or constrictor nerves may be absent 
in the structures supplied by the sciatic and the brachial 
plexuses. In otlier words, skeletal muscles may only be supplied 
with one of these nerves. Yet there is no experimental differ- 
ence between these and other structures of distribution; thus, 
section causes vasodilation, while stimulation gives rise to con- 
striction of the vessels, and, if either of the vasomotor nerves 
is not supplied to these structures, their motor nerves must 
fulfill the rdl(5 of the absent system. 1 could readily enough 
state, after eliminating the only evidence in favor of the ex- 
istence of vasoconstrictors, that there are none in striated 
muscles, all tlie positive evidence pointing only to the existence 
of vasodilators. But we must not lose sight of the fact that 
I have interpreted the experimental evidence at our disposal 
in a different manner, and that my own views must also be 
shown to be in accord with this evidence, if they are to merit 
confidence. 

From my standpoint, then, granting the existence of both 
constrictor and dilator nerves, in direct relation with the 
sciatic, what would be the result of electrical stimulation? 
iVoae, whatever, — diameter, structure, and peripheral elements 
of the nerves being equal. Function depending on increased 
blood-supply and perfect balance between vasodilation and con- 
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striction being tlie fundainenta] reqiiirem(3nt of normal activity, 
the conductivity of both nerves must he equal; hence, this posi- 
tion may be taken as a working basis. But quite another result 
is to be expected when, as is actually the case, tlie sciatic is to 
be considered as a factor of the problem, A large motor nerve 
plus tlie constrictor plus tlie dilator no longer riqiresents bal- 
ance as to conductivity, and my analysis must now include, as 
an element, the fact that the energy distributed to iUv vaso- 
dilator nerve will, all else being equal, be as its circumlVrem^e 
is to that of the sciatic and the vasoconstrictor combined. 
When the great size of the sciatic is recalled, it becomes evi- 
dent that the dilator will at best receive an insignificant ])ro- 
portion of the current. Tinder these circumstanc(‘s what ex- 
perimental results could we expect? Section would obviously 
cause dilation, since the dilator nerves would b(' cut, and the 
tonic contraction of the vessels would also be annulled through 
section of the constrictor. Electrical stimulation of the pe- 
ripheral stump of all the nerves, therefore, (*ould have but one 
result, — constriction, — since the dilators nKudvo ])ractically no 
current. This agrees perfectly with observed facts. But why 
the opposite result also observed? Idiis renders it necessary 
to analyze what evidence there is as to the actual (‘xistcaice 
of vasoconstrictors in strjated muscles. 

“With regard to the vasoconstrictor flb(*rs,” says Ihofessor 
Foster, ''ike only evidmee that they exist in nmsch's is that 
when the nerve of a muscle is divided the l)lood- vessels of the 
muscle widen, somewhat like blood-vessels of the ear after 
division of the cervical sympathetic. This suggests the pres- 
ence of vasoconstrictor fibers carrying the kind of influence 
Avhich we called tonic, leading to an habitual modfu-ate a^nstric- 
tion; it cannot, however, be regarded by its(*lf as conclusive 
evidence.” We have seen that vascular constriction is unmis- 
takably associated with the sympathetic system : its only source 
elsewhere. No fibers of the sympathetic are associated with 
skeletal muscular tissue. In fact. Professor Foster, referring 
to the latter, says: “The presence of any vaspcortsirictor fibers 
at all has not at present been satisfactorily established. When 
a muscle contracts there is always an increased flow of blood 
through the muscle,” thus simultaneously suggesting the pos- 
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sible absence of vasoconstrictors and indirectly confirming the 
presence of vasodilators. 

The question, therefore, becomes an open one, and, if it is 
considered from the standpoint of my conception of the process 
of muscular contraction, — i.c., witli the vaso(lilatoj‘s as the in- 
citing factor of tile oxidation process tliat underlies muscular 
activity, — the contradictory phenomenon refei-red to — Le., dila- 
iion under t'Iccirical stimulation — may be accounted for, pro- 
vided, however, vasoconstrictor nerves are eliminated from the 
function involved. 

Foster states that ‘‘tins vasodilator action is almost sure 
to be manifest(‘d wlien the nerve is divided and the periplieral 
stump stimulated some days after division, by which time com- 
mencing degeneration has b(‘gun to interfere with the irri- 
tability of the nerve. For exam])l(‘, if the sciatic be divided, 
and some days afterward, by which lime the flusliing and in- 
creased tem])(‘rature of the foot following upon the section 
lias wholly or largely jiassiul away, tlie iieripheral stump be 
stimulated with an interrupted current, a renewed Hushing 
and rise of temperature is the result.” As I interjiret this 
result, the stimulation means vasodilation. Ihit 1 have stated 
that the s(‘iatic, owing to its greatiT size, would practically 
alone transmit the energy, leaving the vasodilator iiniiifluenced, 
and, if we transfer to the sciatu* the constrictor function, tlie 
effect should lie the opjiosite of that observed, ^riiat a better 
conductor than the vasodilator is present is shown by the sen- 
tence “tlie constrictor fibers also app(‘ar to be more readily 
affected by a tetanizing current than the dilator lijiers.” The 
sciatic itself being looked upon by me as the vasoconstrictor, 
we can, therefore, (‘onnect the remark with this nerve. Bear- 
ing this fact in mind, we will now impiire into the comparative 
behavior of the sciatic as a motor-constrictor nerve with its 
antagonist, the vasodilator, under the conditions mentioned: 
i.Cy, section, followed some days later by stimulation, utilizing 
quotations from Professor Foster’s text as the basis of my 
analysis. 

Referring to the sciatic and brachial ])lexus, he says: “The 
constrictor fibers appear to predominate in tliese nerves, and 
hence constriction is the more common result of stimulation.” 
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Considered as motor constrictors tliese nerves would respond 
to stimulation in precisely this manner. ‘"Exjiosure to a low 
temperature again seems to depress the constrictors more than 
the dilators; hence, when tlie leg is ])laeed in iee-cold water 
stimulation of the sciatic even when tlu* nerve has Iuhmi hut 
recently divided, throws the dilator only into action, and pro- 
duces Hushing of the skin with blood." This demonstrates at 
least an intimate association between motor and constrictor 
functions. Again, siiue jdacing of the limb in iei'-eold water 
abolishes response of tlie sciatic to stimulation, this nerve must 
readily succumb functionally to untoward iniluenees — evidentlv 
sooner than the vaso<lilator. This is eon firmed by i\w statt‘- 
ment : “IMie latter'’ (the vasodilators), “in (anlrdsl to ordinarv 
motor nerves, ridain their irritability aftcu* sc^etion of tlu* nerve 
for very many days.'’ Again does the link |)etween the motor 
and the constrictor element appear, and as llu'v jointly sue- 
cumb wdiile the dilators retain their irritability, and the loss 
of function under pathogenic intluiMiees b(‘gins much sooner 
than in the latter, we are brought to n‘cogniz(‘, first, that motor 
and constrictor nerve-elements are either pathologically af- 
fected in precisely the same mannm*, or that both fum'tions 
are attributes of tlie motor nerve; second, that w(‘ hav(‘ in the 
histological changes incident upon section of the latt(‘r, or tlu? 
nerves of the brachial plexus, tlu* cause (d’ vascular dilation tliat 
ensues u])on stimulation, when this experimental procedure is 
not carried out at once. 

And, indeed, the strength of this proposition app(‘ars if 
wc examine the histological structure of any nerve-bundle, and 
particular!}" such organs as the sciatic. The many elements 
that enter into their organization suggest immediate morbid 
alterations on section, especially if niy view that tlu? blofxl- 
plasma is the vehicle or excipient of the oxidizing substance 
which maintains all functional processes is warranted. I nder 
these conditions, it is plain that cutting of tlu? nerve sliould 
at once initiate degenerations, the morbid process and the re- 
sulting loss of functional powers progressing until, ‘'at a certain 
stage, a stimulus, such as the interru])ted curr(*nf, while it fails 
to affect the constrictor libers, readily throws into action the 
dilator fibers.” 
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But why do the dilator fibers not degenerate likewise? 
Inasmuch as, quoting Professor Foster’s words, ^Hhe presence 
of any vasoconstrictor fibers at all has not at present been 
satisfactorily established,” while ^^the only evidence of their 
existence” is that, ^%lien tlie nerve of a muscle is divided, the 
blood-vessels of the muscle widen,” we must admit, in the face 
of the foregoing statements, that all the evidence now tends 
the other way : i,e,, to suggest that the sciatic and the brachial- 
plexus nerves are not only motor, but also vasoconstrictor nerves, 
and that dilators arc autonomous structures — if they exist at all 
in a muscle. 

lleferring to the effects of severance of a nerve from the 
central nervous system, Foster says: ^^When a nerve — such, 
for instance, as the sciatic — is divided in situ, in the living 
body, there is, first of all, observed a slight increase of irrita- 
bility, noticeable especially near the cut end; but after awhile 
the irritability diminishes and gradually disappears. Both the 
slight initial increase and the subsequent decrease begin at the 
cut end and advance centrifugally toward the peripheral ter- 
minations. This centrifugal feature of the loss of irritability 
is often s])okon of as the Ritter- Valli law. In the mammal it 
may be two or three days; in a frog, as many, or even more 
weelis, before irritability has disappeared from the nerve-trunk. 
It is maintained in the small (and especially in the intra- 
muscular) branches for still longer periods.” This obviously 
suggests that the size of a nerve, all else being equal, is a gov- 
erning factor in the degenerative process due to nerve-section, 
precisely as indicated when the relative effects of the electric 
current were referred to. 

Still, such a governing principle would necessitate that a 
large nerve be structurally similar to a small one, qualitatively 
and quantitatively, to warrant our accepting it as the basis of 
a final conclusion. Such is not the case, however, as is well 
knoAvn. While the various structures that enter into their 
formation arc specific to nervous organs, they are not evenly 
distributed. This is illustrated in the case of vasomotor nerves. 
Though both constrictors and dilators are medullated, the 
former lose their medulla early in their course, while the vaso- 
dilators preserve theirs until the blood-vessels to which they 
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arc distributed are dltnost vcdched, o niust also remornbor 
that this medulla is an extremely complex hodv. “Being so 
complex/^ says Professor Foster, “it is naturally very unstable, 
and, indeed, in its stability resembles jiutrid matter, lleiu'e, 
probably, the reason why the medulla changes so rapidly and 
so profoundly after the death of the nerve.’' Viewed from 
my standpoint,- tins suggests that, inasmuch as the vaso- 
dilator fibers preserve their medulla until the vessels to which 
they are distributed an^ nearly reached, tiuw sliould degcMieratc^ 
before the constrictors, which lose theirs early in their course. 
And such would he the case did am/ such nerves ed'ist in tiu* 
sciatic or brachial-plexus nerves or any nerve of the ski^letal 
muscular system. Indeed, were then- any, their fum'tional 
activity would outlive that of the vasodilators, which is not 
the case. If this fact is now considered in association with 
the other features of this analysis, it sei-ms to im- to suggi-st 
that the voluntary m uscular system is not suif/died wifh se/xirale 
vasocons*! victor nerves, hut that the functions of the molar nerves 
distributed to these muscles include that of vason>nstr!clion. 

Further evidence that this conclusion must rejin-sent tlu- 
actual state of things is atforded by the manner in wliich it 
simplifies — provided, of course, jirevious conclusions are liki-- 
wise admissible — ^the whole process which umh-rlics voluntary 
muscular activity, without in any way ('ontradiciing the data 
sustained by experimental evidence. Iiuh-ed, vasoconstrictors 
have never been found; an ellunent of (-onfusion is thus re- 
moved which will probably enable us to asc(*rtain tiie ai-tual 
effects of nerve-impulse on the voluntary muscular libers and 
their purpose. As to the vaswlilators, anotluu’ (ilement f)l con- 
fusion is removed through the fact that we now know fnun 
data recorded in these pages that they m-cd exttuid lu) larther 
than the ultimate vascular subdivision, the walls of which con- 
tain muscular elements: i.e., the arterioles. The fact that tlu; 
oxidizing substance of the blood-plasma reaches the muscular 
elements themselves and can there exercise its life-sustaining 
pow’er and suddenly awaken activity also simplifies a very per- 
plexing question. The capillaries which entwine tlu* muscle- 
fibers simply allow their plasma to ooze out through ihtnr 
stomata, or endothelial-plate interstices, and thus to reach the 
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contractile substance through tlie latter’s own investing mem- 
brane. Increase of plasma means increase of work: i.e., mus- 
cular contraction. Waste-materials are as rapidly returned 
through efferent capillaries to the venules, thus leaving the field 
clear for continuous function. 

While i have greatly simplified the processes mentioned, 
I have complicated another, since it now becomes necessary 
to account for the functions implied by ‘Voluntary,” “motor,” 
and “constrictor,” all through the operation of one set of 
nerves. And yet 1 am now in perfect accord with the ana- 
tomical side of the (question, since there is no evidence that 
constrictor nerves exist. The only nerve distributed to a 
voluntary or stri])ed muscle proper, the motor nerve, enters 
its sheath, breaks into numerous subdivisions, and thus sends 
one filament — occasionally two — to each muscular fiber. On 
the surface of the latter, near the middle, an important ter- 
minal arrangement prevails: each nerve-fiber develops its 

“motor end-j)late.” Its white matter of Schwann ceases and 
its outer covering becomes continuous witli that of the muscle, 
so that its axis-ciflinder alone penetrates to the muscular fiber. 
Here it subdivides into numerous r<K)t-liko processes, forming 
a hillock, or motor end-platc, supported by a layer of granular 
substance wliich contains a number of large nuclei. It is this 
end-plate that the impulse first strikes when it reaches the 
muscular fiber, and it travels from the center of the latter to 
the two ends. All the elemenis of the muscle arc so disposed 
as to receive the impulse simultaneously. 

Before analyzing the mechanical result of this impulse or 
going further into the vasodilator question, a brief allusion to 
the histology of the arterioles of voluntary muscle must be 
made. The internal coat is composed, as elsewhere, of endo- 
thelial cells; when the middle c*oat is cut transversely, however, 
it presents a peculiar conformation: iis outline is festooned, 
Banvier*^ divides the middle coat into t\vo layers: an internal 
elastic lamina and a muscular layer. In his description of 
these structures he says: “The internal elastic lamina, as is 
the case with all parts formed of elastic substance, possesses 


* Ranvier, quoted by H. Berdal, “Histologle Normalo," 1894. 
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but little olcisticity, und, wlieii it is coiupvossod 1 )y tlio nHisciil«ir 
layer encircling it, it happens tliat the lowest limit o(* its elas- 
ticity is surpassed and that, in order to accommodate itself to 
the restricted space reserved for it, it forms folds. It is for 
this reason that a transverse section causes it to a])|>ear as 
if festooned, while longitudinal sections of these small art(‘ri(^s. 
owing to folds formed during muscular retraction, give tlu‘ 
appearance of longitudinal striic.’’ From my j)oint of view 
this is subject to another inter])re(ation. Indeed, this festoon- 
ing in lonf/iiitdinal. folds, ~o})S(‘rved to a limitcMl extent in all 
small arteries, — coupled with the (‘ll'ects of mustailar retrac- 
tion, seems to im* to point distinctly to Hit* nuH'liauical process 
through which ellicit'nt changes in the caliber of the arierioli‘s 
are insured. 

The impulse, we have seen, travels from the end-])late 
toward the extremities of the muscular iilau* and the nntsclr 
contracts, according to my view, as the rcsaH of dUaiion of 
the arterioles* While the siuhlen onset of oxidi/.ing plasma, 
by suddenly increasing the protluction of chemical energy, 
which in turn is converted into contractile energy, accounts for 
the latter, it does not account for the ‘"voluntary" (*lement of 
the process, nor for the wonderful ))recision which charact(‘r- 
izes muscular movements — those of the lingers, for instanct*. 
Indeed, inyosinogen plus the oxidizing suhstanee must he con- 
sidered — if my doctrine prevails — as the only sou ret* of work, 
hut not as the intermediary through which the volition (ct>n- 
scious or unconscious) implied hy tlu* word ""voluntary," and 
the functional cfontrol . tJiat this im])licatcs, is obeyed. In 
other words, it constitutes what in the locomotive is repre- 
sented by the combination of lire, water, and steam, l>ut it 
does not represent the throttle-valve, Avhich is subject to the 
will of the engineer. Tlis ‘‘voluntary” act, transmitt(*<l througli 
the lever, regulates the quantity of steam admitt(*d into the 
cylinder — in which heat is transformed into wrirk. In tlie 
muscle each “fine, transparent, membranous tube” is a cylin- 
der, but one in which the conversion of energy into work is 
the result of a local process in which inyosinogen plus the 
oxidizing substance are the sources of energy. 1 he throttle- 
valve is obviously the arteriole, hut so located aa to admit as 
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regards contraction — a surplus, not of fuel, but of the active 
element which underlies the effects of ^^draught” in the engine: 
ix,, oxygen, that carried by the oxidizing substance. The 
fuel — iunyosinogen — is always present in our muscles — when 
they are normal, and the activity of the com,bu8tion is regu- 
lated there, as elsewhere in Nature, by the quantity of oxygen 
admitted. Yet, how is the conscious or unconscious control 
implied by the word ‘^voluntary^^ carried out? 

The muscular arteriole during complete muscular retrac- 
tion is only just sufHciently patent to allow the passage of 
enough blood-plasma containing the oxidizing substance to 
sustain the nutrition of the muscular tissues, and other proc- 
esses througli which their functional efficiency is insured. But 
the fact must not be overlooked, as emphasized by Poster, that 
the relaxation is an essential part of the whole act; indeed, 
no less impoi’tant than the shortening itself. Again, a com- 
pletely retracted muscle is not a relaxed muscle; it is precisely 
in the oi)positc state, — t.c., in a condition of tension between 
its insertions, — and if either one of the latter be cut the mus- 
cle recedes toward the other. This feature is well exemplified 
after amputations. The biceps can contract unimpeded, for 
example, three times tlie extent that its skeletal attachments 
will normally allow; fractures of the olecranon or of the 
patella are familiar examples, notwithstanding the fact that 
the muscles tlius liberated at one end are held partly retracted 
by the surrounding structures. Indeed, a normal muscle can 
aptly be compared to a piece of rubber stretched between two 
fixed points, and contraction really represents a relaxation of 
the stress. But there are variations in the resistance to which 
this stress is submitted, and it is here that the identity of the 
controlling concept appears as an independent factor, while 
that of the motor mechanism also emphasizes itself by phe- 
nomena that cannot logically be considered as elements of the 
process through which the ^^voluntary” impulse is transmitted, 
nor of the transmitting organs, the motor nerves. 

If the arm is flexed, say, at an angle of 90 degrees, it can 
be held in this position without fatigue for some time. But 
if a sufficiently heavy weight be placed in the hand, the arm 
remaining in precisely the same position, marked evidences of 
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strain appear: the face becomes flushed, the superficial veins 
enlarge, more or less sweating occurs, etc.: i.e., all the familiar 
signs associated with continued effort assert themselves. Re- 
sistance evidently underlies the whole process, and, as ^'resist- 
ance^^ always implicates at least two (contending torches, we are 
led to divide the process itself into two parts: i.r., the weight 
which tends to force the hand down and the muscular effort 
exerted to hold it up. But if we analyze the muscular effort, 
it soon becomes apparent that it is itself susceptible to a cli‘arly 
defined subdivision, indeed, notwithstanding the weight, the 
arm remains fixed in one position; and the entire organism 
shows the effects of strain; muscles other than those of the 
arm contribute work, the entire circulatorv system (including 
the heart, judging from its overaction) enter into a ])hase of 
unusual activity, (dc.,~all laboring to the one end, viz.: to 
mechanically satisfy, regardless of the aggrt^gate of (‘in^rgy 
converted into work, the needs of the voluritary act physiniUtf 
impressed npon ihe muscle and transmitted to it from the brain 
through the motor nerve. We thus hav(% on the one side, a 
.form of volitional energy through which the muscle is fixed in 
the one position; and, on the otht?r, an oxidation inocciss, 
through which muscular work is ('arrieul out, sustained, and 
intensified to the highest possible degree com]>atible with the 
body’s strength. 

That two distinct processes are present may b(j shown in 
several ways. Professor Foster, referring to the "'impulse- 
wave/' states, for example: ^Tt is followed by an explosive de- 
composition of material, leading to a discharge of carjamic 
acid, etc.^^ Not only does the active reaction occur after the 
dispersion of the impulse, but Helmholtz ascc*rtained that (]uit(^ 
a perceptible and computcable period of time ela])sed l)etw(a*n 
the two phenomena. By means of the Marey myograph this 
^‘latent period” was found to occupy one-sixtieth of a second, 
while the maximum contraction is only reached at the end 
of about one-sixth of a second® in an average mu;=cl(‘. A 
radical difference is also evident in the relative ability of the 
two kinds of energy — volitional and motor — to undergo fluct- 


* M. Duval; Loc. cit, p. 151. 
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Rations in wliat^ for tlie sake of convenience, we may call 
^^intensity/^ The iinpuLse-wave simply s('Ls tlie muscle-elements 
to a given vibratory rhythm, and they retain this, whatever 
be the intensity of the exertion required. The oxidation proc- 
ess, on the contrary, contributes whatever degree of median-^ 
ical energy is ne(*essarv to fulfill the needs, not only of the 
movement, hut also of any additional work any increase of. 
resistance may demand. Thus, the impulse-wave may fix the 
muscles of the flexed arm in a given position, hut any flilctna- 
tioii in the power required to supjiort different weights is **at 
the expense of tlie motor mechanism. This may he aptly* 
compared to the manner in which a note on a violin is made 
loud or soft. The power with which the string is pressed u])on 
with the moving how modifies the intensity of the sound ; hut 
the note remains the same. This means that its pitch does 
not vary, and if, for example, the lower C is given, we will 
know that the sound-wave of that note represents 2()1. vibra- 
tions per second. So may the iniptihe-trave transmitted by the 
brain through a ^hnotor’^ nej-ve he represented by a fixed num- 
ber of vibrations. Retraction, the muscle being then most 
tense, is therefore characterized l)y the greatest number of 
vibrations. On receiving the impulse the muscle adjusts itself, 
whether by contraction or retraction, to precisely the extent 
which the numl)er of vibrations transmitted will allow, and 
remains fi.ved in the state of contractility assumed until the 
impulse-wave itself is modified. The power or inlensiti/ of 
sound and the variations in the work this implies are fully 
tvi)ified by the motor ])rocess, through the enhanced circula- 
tory activity and a coi'responding increase in the rapidity with 
which the oxidiziruj suhstance (adrenoxidase) is brought into 
contact nnth the myosinogen in the nvuscies. It is simply a 
question here of more fuel and more draught. 

Obviously, the rhythm transmitted to a voluntary muscle 
is simultaneously communicated to the muscular walls of its 
vessels by the same impulse. The lumen of each vessel — veins 
as well as arteries, since the former also possess a muscular 
coat, but much less i,m[)ortant structurally and therefore less 
active — varying synchronously with the muscle to which it is 
distributed, the flow of blood through it is exactly adjusted 
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to tliG needs of any degree of inuseular eont raeiility llie vol- 
untary (conscious or unconscious) inovenieiii re(|uires. In 
other words, ihe arienes, and to a ccrlain vxicnt the 
hecorne consiriclcd or dilated proporlionafelj/ f/,s the imiscle is 
^ contracted or retracted, and the activity of [lu* motor mechanism 
is thus concurrently adjusted to the functional reiiniremeiits of 
the moment. 

If this conception is not erroneous, tlu' general proiH‘ss 
it ^ represents cei'tainly constitutes a marvidoiisly simph' way 
0*1^ accomplishing many of the most important functions ol* 
V the organism, since those ascribed lo both vasoconstrictor and 
'vasodilator nerves arc thus ])erfonm‘d without, indei'd, It'aving 
a single reason for the presence of cither of these nerves as in- 
dep en d en t e n t i t i es . 

This normally suggests the (piestioFi: Do vaso<iilators 
actually exist in muscular vesseds? ''Jliat tluu’c' an' vasodilators 
in certain organs: the suhmaxillary and oth(‘r salivary glands, 
the tongue, the penis, eic., is thought lo hav(' he<-n (‘\j)eri- 
, mentally demonstrated; hut their e.\ist(‘nce in th(^ muscular 
vessels has not been sliown, (he evid(‘nce adduced, as was tin* 
case with the constrictors, being purely inl'eri'ntiah We have 
seen that section of the sciatic, followe(l by stimnlaiion after 
some time had elapsed, caused dilation of ihe* v(*ssels of llu' 
extremities, while earlier it had causi'd constrict it)n. ('lose 
analysis also showed that actual dilation of tin* arteries (-ouhl 
be ascribed only to an active dilator action. The only remain- 
ing feature tliat requires elucidation, therefore, is the manmu* 
in which this is carried out. Does the above-d(‘scrihed ju'oeess 
account for these contradictory ])henomena as well as would 
vasodilator nerves? That tlie elastic lamina ol (he vf'ssel (*an 
fulfill precisely the same function as the latter seems evident. 

The impulse-wave being accepted as the gov<‘rning factor, 
each point of the muscular coat is caused to recede oi* a])proacb 
from the axial line of the vessel just sufTici(*ntly to bring tlu' 
caliber of that vessel to the required limits, llenet' ihe pres- 
ence of the muscular coat over the clastic lamina. I h(‘ cause 
and purposes of the latter^s longitudinal corrugations now be- 
come apparent: while perfectly elastic, it is sorm'what la rgcT 
in diameter than the muscular layer, and, lying, as it does, 

17 
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within the latter^ it forms the folds or ^^festooning’^ described 
by Itanvier. Viewed from my standpoint, however, these 
longitudinal folds play a very importfint part in the whole 
mechanical process described, since it is upon variations of 
their outline that the adjustment of the lumen of the vessel 
mainly depends. JMere dilation of a (drcular vessel, of course, 
involves an increase in the diameter of the stream passing 
through it; but, if numerous folds that project into tliat 
stream are simultaiujously withdrawn by being leveled out, it 
is evident that the free space within* the vessel will be vastly 
increased, and that a much greater range between dilation and 
contraction will thus be available. 

That such is the process through which a slight variation 
of the peripheral pressure exerted by the muscular layer will 
cause a relatively larger variation of the anioiiut of blood to 
pass through the vessel seems very probable, since it satisfies 
all mechanical needs. As long as the characteristic impulse- 
wave of a fixed degree of muscular contraction persists, the 
vessels are simultanc'ously adjusted to the iuhkIs of this par- 
ticular degree of contraction and allow just the necessary 
amount of blood — f.c., oxidizing plasma of adrenoxidase — to pass. 

Ifeturning now to the contradictory results of stimulation 
of the sciatic after section of that nerve, an important feature, 
must be referred to, which, if considered before, would have 
but introduced confusion in the in(|uiry: i.e,, the fact that 
stimulation of this nerve immediatedy after section may either 
be followed by dilation or constriction. Tjaryngologists arc 
ejuite familiar with the facd that one strength of current will 
cause adduction of tlie vocal bands, — r.c., of their muscles, — 
while another strength will cause the opposite condition — ab- 
duction, — when the recurrent laryngeal nerve is cut and stim- 
ulated. That the same controlling factor must prevail in the 
case of the sciatic is very probable, if, as we have suggested, 
the rhythm of the impulse-wave determines the degree of mus- 
cular contraction. The certainty with which dilation is pro- 
duced when the nerve is stimulated ^^so.me days after division^^ 
is a plnuiomenon of another sort. The electric current does 
not, like a normal nerve-impulse, select a physiological path; 
it simply utilizes the channels that offer the least resistance. 
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A diseased sciatic rncaiis impairment not only of its conductiv- 

but also of that of its subdivisions. ^Tlu* current mav or 
may not, under these conditions, continue to follow the nerve 
stimulated after the segment buried in the tissiu's is reaclied ; 
selecting the best conductors, it will, if it follow the ('oiirse of 
tlie vessels, mainly stimulate the layer oifering the least ri'- 
sistancc: i.e., the thickest and softest, as regards inluM-ent 
proportion of fluids. As this characlerizt‘s the elastic h\yr\\ 
it cannot ])ut recei\(^ the lirunt of tlu* stimulus. \\v an* no 
longer dealing with muscular vibrations, hut with a corrngati‘d 
elastic tube the normal tendency of which is to (‘xpand, level 
its folds, and inrrrase its lumen. 'rh(‘ current, by iinhu'ing 
eretliism, encourages this, and ])rodnc(‘s, by increasing the 
caliber of the vessels, “flushing and incr(‘as(‘d tcanperatun* of 
the foot.” Indeed, electricity is a ])()or siibstitiit(' for the 
physiological inij)ulse-wave and somet ini(‘S a misleading one. 

We can fully agree with Professor Kost(‘r, tluu’cfon*, wlaui 
he says: ^^There is no adequate evidence' that tlu'se vasodilator 
fibers serve as channels for tonic dilating impulse's or intlei- 
erices” but because, in the light of our vie'ws, hoik functiojis are 
fulfilled hjf the nerves which, (jovern function. 

Indexed, it is wlien we atteuiipt to explain the proe*e‘Ss 
through which a motor nerve carries on its funedions, and 
reuilize that it is he'cause an e)rgan in aediem is traverse*d by more 
arterial blood than an organ in i^peise that the ne‘e*d of a ne'rve 
to dilate the arteries which admit the exce'ss e)f blood, ami e)f 
anothe^r nerve to restore them te) their normal e*aliber thai the 
strengtli of (his conclusiem asserts its(*lf. As will be? shown in 
the seconel volun\e (f). 1185), a “motor ne'rve” is in re-ahty a 
dilator nerve, while the resumption of the aiderial caliber afte'r 
functiem is insureel by sympathetic vase)eonstricte)r fi laments. 
In other words: — 

1. The arterioles of voluntary niusrJes are supplied wilh 
motor-filaments which cause them to dilate when contra chon is 
to occur, and with synifHithetic filnments irhuh cause them, to 
resume their normal caliber ivhen the contraction is to cease. 

Source of muscular energy; an oxidation process in the 
muscular contractile elements the chemical eneryy of which, 
after conversion into mechanical energy, supplies the muscle 
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during any stage of contraction or retraction with the powers 
to-do-work required to sustain either of these functions, 

'This o<cidation process is subject to fluctuations of activity^ 
and occurs as the result of a reaction between two physiological 
compounds: first, myosinogen, — i,e., blood-plasma containing 
various carbohydrates and immanent in the muscle-fiber, — as a 
potential; second, an oxidizing substance (adrenoxidase) also 
contained in the blood-plasma, but in that of the arteries, as 
reagent, 

2. As to mechanical process : variations in the caliber of the 
mtiscular vessels give rise to coiTesponding variations in the pt'o- 
portion of oxidizing substance (adrenoxidase) admitted to the 
myosinogen in the muscular fiber and to correspondingly marked 
ftuctuations in the activity of the oxidation process. 

The myosinogen is stored in the contractile disks while the 
adrenoxidase-laden plasma fills the interstitial disks, and an 
opening between the two probaldy exists through which this 
plasma is forced when the impulse-wave adjusts the muscle to 
the required contraction, the quantity of energy produced being 
thus simultaneously adjusted to the needs of that contraction, 

THE ADRENOXIDASE AND THE MOTOR NERVES IN THEIR 
RELATION TO GLANDUJ.AR SECRETION. 

In the foregoinj^ pages I have sought to elucidate the 
maimer in which tlie voluntary muscular system could be func- 
tionally related with vasomotor functions. I have suggested, 
moreover, that the sympathetic system, which has been credited 
by ditferent observers with secretory, inhibitory, motor, and 
vasoconstrictor functions, plays an important role in voluntary 
muscles in conjunction with motor nerves. Acting jointly, thay 
were shown to adjust tliese organs to a specific degree of ac- 
tivity, and simultaneously to adapt the lumen of its vessels to 
the needs of this functional activity in order to 'admit pre- 
cisely tlie amount of blood — i,e,, of oxidizing serum — required. 
This principle may be said to prevail in all organs, the many 
varied functions attributed to the sympathetic notwithstanding. 
Obviously, each organ contains, as inherent source of energy, 
either endogenous products with which the oxidizing substance 
combines, or cellular structures whose metabolism is sustained 
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by the oxidizing snbstamo. This is a question, however, that 
will be tnken up as (‘aeh organ is studied. 

The classic division into two independent systems, cerebro- 
spinal and sympathetic, may be regarded as conclusivtOy estal>- 
lislied in its general lines. Their mutual relations are still 
obscure, however, though it may be said that at all tinu‘S some 
connection or other with tlie cerebro-sj)inal axis, whether it he 
associated with l)orrow(‘d or direct ini])ulses, has Ix'on attributed 
to the sympathetic iierve-patlis. 'Jliis is well illustrated in a 
comprehensive paper, in which the functions of the sympatludic 
system are ably reviewed, by B. Ouuf (Onufrowicz) and Joseph 
Collins,^ who refer to tonic vascular contraction as follows: “It 
has been sliown that many nerves of the sympathetic system are 
under the tonic influence of spinal or cerebral c(Miters. Section 
of the cervical sym])athetic nerve is follow(‘d by dilation of the 
blood-vessels of the head; section of the abdojninal sympathetic 
by dilation of the blood-vessels of the hind-j>aws: section of 
both splanchnics by the same phenomena in the stomach a?id 
the intestine. Heverance of the nerves connecting tin? snbmax- 
illary ganglion with its enceidialic ctmter gave rise to an 
increasing continuous secretion of the; subinaxillary glands, 
proving the regulatory influence of the cerebro-spinal system 
upon the submaxillary ganglion (Chinde Bcrnarrl)/’ 

If wo noAv recall the limitations of the adrenal system 
described in the last chapter, — i.c,, the triad: thyroid, anterior 
pituitary, and adrenals, — and ])articu!arly the connect’.on b(‘- 
tween the two latter organs tiirough tin; cord, the synipathetie 
ganglia and tlie ^splanchnic nerves, the following nmiarks of 
the same authors are especially interesting: ‘Mfegardiijg the 
tonic influence of ganglia of the sympathetic its(‘lf, the views 
still differ. . . . We know, however, that th(‘ heart re- 

moved from the body still continues to })eat, and that ihti 
bladder deprived of motor nerves leading to it continues to 
perform its functions.” They also refer to the observations 
of Contejean, ‘^according to which the secret if »n of gast ric juice 
continues after the stomach has been deprived of all its nerve- 
connections.” The reason for this is now (lear. rnasmuch 

» B. Onuf and Joseph Collins: Archives of Neurology and Psychology, vol. 
ill. Nos. 1 and 2, 1900. 
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as the motor nerves merely incite motor or secretory activity 
by vasodilator filaments, severance of the nerve-supply of an 
organ does not disturb its vessels, and, as the agency that sup- 
plies it with working energy reaches its tissues through the 
blood, it is plain that its functional activity should continue, 
even when its motor nerves are severed. 

As regards tlie tonic contraction of vessels ascribed to the 
sympathetic vascular fibers, it is merely the result of the con- 
tinuous, though passive, activity in which all muscular tissues 
are held by the oxidation process, Avhich continues as long as 
l)Iood flows in physiological channels. This includes the circu- 
lation through the intermediary of the vasa vasorum, of oxi- 
dizing plasma into tlic contractile elements of the muscular fibers 
of the vascular walls, and its return to the blood-stream per se 
charged witli products of combustion. As ])rcviously stated, 
these do not only represent the products of hydrocarbon com- 
bustion, the specific source of muscular energy, but also those 
resulting from metabolism of the cellular elements per se. In 
other words, a relatively small amount of oxidizing plasma 
is incessantly penetrating to the rnyosinogen and causing the 
development of just sufficient energy to insure nutrition of the 
tissues and to keep them in that potential state in which, 
though not doing active work, they are ever ready to actively 
respond to summonses: t.c., to ^hiotor-nervc’^ impulses. A 
sk(dctal muscle, held by its two insertions, is not free to con- 
tract in obedience to what energy the continuous oxidation 
process generates, and, not being at once converted into work, 
this energy is dissipated as heat. But not so with the vas- 
cular walls; having only the centrifugal resiliency of their 
inner coat to contend with, they at once convert the chemical 
energy generated by the reaction in their contractile elements 
into work which manifests itself as "tonic” contraction. 

If my view is based on a solid foundation, I must, how- 
ever, be able to show that all the nervous structures com- 
prised under the name of "sympathetic” are only capable of 
causing constriction of the vessels (the arterioles) to which they 
are distributed. It is well known, for example, that when the 
cervical sympathetic chain is severed, the phenomenon produced 
is, as stated, dilation of the vessels of the ear, which can 
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be overcome by stimulation of ilie cephalic end of the cut nerve. 
I must also account for the phenomena witnessed at li'ast as 
well as they are by the older doctrine. Jii tliis experiment it 
is plain that the dilation of the vessels ensues owin^ to the loss 
of their constrictor nerve-impulse. The fact that the loeal 
temperature rises allows that the oxidation process is enlumccd 
owing to the admission of an excess of blood into the tissiu's. 
On the electric current being ap})lied the n(*rve-impiilse is re- 
placed, the recontracted vessel overconu's tlie e\agg(‘i-Mted blood- 
flow, and normal conditions are restored. This reduction of the 
sympathetic system to the rank of a vasoconstrictor system siu'ins 
a radical departure from the many diirei'cnt roles tliat liave Ixuai 
ascribed to it — an obvious proof of the i‘\isting obscurity con- 
cerning its true function^ — but it is, nevertheless, siibstantinled 
by facts. Tims, in the article previously nvfcrD'd io, Onuf and 
Joseph Collins;'' after a very briid rdVrcncc' to the many ob- 
servers who have given the sympathetic system csptH'ial atteniion, 
including Pourfour du Petit, Claude lk*rnanl, S(*liilf, AMiljiian, 
Dastre and Jlorat, Luchsingcr, lleidenhain, (laskell, and Lang- 
ley, they outline its functions as follows: “It may salely la; 
concluded that it lias, to a great extent, a controlling inllii(‘nc(i 
over the secretion of most of the glands, tin* lacrymal, tla* 
salivary, the sweat- glands, the glands of the stomacli and 
intestines, the liver, the kidney, etc,; that it presides ovct 
the circulation by regulating the caliber of tlui blood-vessels 
and the action of the heart; that it influences respiration ; and 
finally that all the involuntary muscles, tliose of I be digest! v(* 
apparatus, of the genito-urinary system, of the bair-folliel(‘S 
(pilomotor nerves) are under its control.'’^ And yid all iliesf* 
apparently dissimilar functions can, when traced to their 
original cause, be ascribed to variations in the caliber of llui 
arterioles, which admit, as is well known, arterial blood irito 
all tissues. The ^^controlling’^ influence on glandular organs 
of sympathetic fibers is readily explained wlum Iheir role is 
restricted to that of arteriole vasoconstrietioii, since as siieli th(?y 
can increase or decrease the volume of blood admitted into 
these organs. This applies as well to iheir coniu‘ciion with 

** B. Onuf and Joseph Collins: Archives of Neurology and Psychopathology, 
Nob. 1 and 2« vol. ill. 1900. 
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the muscles, the digestive and genito-urinary systems, etc., in 
fact to all organs. Even the so-called ^^inhibitory^^ functions 
ascribed to the sympathetic by some physiologists can be ac- 
counted for by its constrictor action on the arterioles, since 
excessive constriction, such as that produced experimentally by 
the electric current, is capable of reducing the caliber of these 
small vessels sufficiently to arrest, i.e.., inhibit, function. 

We shall successively review each of the functions referred 
to, beginning with those that present the simplest niecffianisin, — 
ix.j, the lacrymal, salivary, sudoriferous, and mammary glands. 

IjAORYmal Glands. — Present knowledge as to the in- 
nervation of glands in general, judging from a perusal of its 
literature, is well exemplified by Matthews, who, after a careful 
study of the question, says: ^^Whether secretory nerves exist 
or whether secretion is ever a function of the gland-cell must 
be considered at present an open question.^^ 

To elucidate the connection between the sympathetic and 
the lacrymal gland Onuf and Collins removed one stellate” 
ganglion from each of three cats, and reviewed their results 
as follows: ^Tn one of the cats (three and a half months old) 
an injection of 1 centigramme of pilocarpine, given three weeks 
after the operation, produced lacrymal secretion of the eye of 
the normal side, while the eye of the operated side remained 
dry. In the second cat (about two months old) 5 milligrammes 
of pilocarpine were injected one month after the removal of 
the left stellate ganglion. In this case the result was alto- 
gether different. Both eyes wept, but the eye of the operated 
side more profusely tlian the other. About an hour after the 
injection there was still considerable lacrymal secretion from 
the eye of the operated side, while the other eye was dry. In 
the third cat (about six weeks old) an instillation of a 2-per- 
cent. solution of pilocarpine was made in both eyes, four and 
one-half months after the operation. The effect was an equal 
amount of lacrymal secretion in both eyes.” The authors then 
close the subject with the following remarks: ^^These results 
are rather contradictory, and further experimentation must be 
made to harmonize them and to allow of a correct interprefa- 

® In the cat this ganglion constitutes what In man would be the three 
cervical and the first thoracic ganglia coalesced. 
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tion. It must bo taken into considoration, of courpo, tliat the 
age of the animals varied, as did also tlie juMiod (after the 
operation) at whieli the pilocarpine was administered. The 
manner of administration of the poison was dillViviit also." 

Viewed from my standpoint, tlu'se expt'riments do not 
appear contradictory ; indeed, ihey may enable ns to asc'cidain 
the identity of the nervous structures involv(‘d and tiu* manniu* 
in which the functions of the gland are carrital out. Obviously, 
removal of tlie stellate ganglion on the ont‘ side severed llu* 
sympathetic filaments supplied to the glandular vesseds. As is 
shown in the second volume (p. 11 So), sym])atheti(* n(*rves ari‘ 
distributed to the arterioles only and, moreover, iluw increase 
the projmlsive action of these small vessels, owing to llu‘ fact 
that the muscular layer of the lattm* is disposed spintl/if itnunul 
them. If Ave noAv take into accoind. ilie fa(d lliat ]dlo(*ar|)ine 
produces lacrymation by causing parc'sis of llu' arti^rioh's and 
dilation of these vessels (see page IdSl) (Ii(‘ resulls oblaiiUMl 
by Omif and Collins can all he accounted for — pi'ovided other 
physiological facts are not overlooked. One of llu^se is that 
a vessel recovers its normal caliber al>out ten days after ils 
vasomotor nerves are severed — a ])rocedur(' wliich, of course, 
had allowed tlie vessels to relax. Again, llie siellale ganglion 
might not alone have sup})lied vasomotor tilauKaits to tlu* c<‘r- 
vical cord. On the whole, then? is good ground for tin* belief 
that the innervation of the lacrymal gland in Onuf and Collins’s 
animals had recovered more or less their intliuaice on tin* arte- 
rioles of these organs. Tlence the fac't that in the first cat 
one eye remained dry; its sympathetic^ nerves having not as 
yet recovered their influcmc'C, the piloc'arj^ine did not c-anse 
dilation of the arterioles supplied to its lacrymal glarnl. while, 
that on the normal side being rendered hyjjera'inic* by the? 
paresis of its vessels, laerymation oecnrnMl. Tn tlie second ani- 
mal the vascular nerves on the operated side liad resumed tlieir 
functions but failed to recover from the efb'cls of tin? drug 
as soon as the norm.al eye. Tn the third cat tbe m*rv(*s liad 
completely resumed the functional aedivitv; or coliahual nerves, 
including perhaps some derived from the cervical r(‘gion of tin? 
spinal cord, had taken up functions of the scvctchI iK*rv(*.s. 

This has served to illustrate not only how the functions of 
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an organ depend upon tlie blood circulating tlirough it^ but also 
that its motor — secretory in this instance — ^nerves are vaso- 
motor. 

The foregoing facts seem to suggest that the sympathetic 
is the secretory nerve of the lacrymal gland. Indeed, this is in 
accord with the prevailing teachings: while, for example, the 
secretory activity of the siihmaxillary gland is credited to the 
cJiorda tymj)ani, a hranch of the facial, and that of the gastric 
mucous membrane to the vagus, although both these organs arc 
supplied M'itli sympathetic nerves, the latter are granted secre- 
tory functions in various organs. There is considerable evi- 
dence to show, however, that in the lacrymal gland as else- 
where, the sympathetic subserves the same functions that it 
does in all organs, viz., those of insuring the propulsive activity 
of the arterioles, ihas sinuikUing secretory activity, and of caus- 
ing them to resume their normal caliber after dilation by the 
secretory or motor nerve which incited function. 

'^riie erroneous l)elief that the sympathetic is the true secre- 
tory nerve of the lacrymal gland is based mainly on the following 
data: Denitsclieiiko,^^* Wolferz, J^echterew and Mislawski'^ 

observed an incu’case of lacrymal secretion on stimulating this 
nerve, llerzenstein^^ failed to observe this effect on stimu- 
lating citlier the cervical sympathetic or the fibers proximal to 
the gland. l\eich,’*‘ on exciting tlie latter, observed tears occa- 
sionally; Arloing^^ never in th(j goat and ox (the other investi- 
gators had used cats and dogs) ; neither did Campos*''' in the 
monkey. The weight of testimony tends toward the atfirma- 
tive, therefore, but the first observers named state that the 
secretion obtained dilfei-s ])hysical1y from the normal and that 
ii is cloudy. This assimilates the product obtained from the 
submaxillary gland by exciting the same nerve, i.e., an artificial 
secretion. 

But another nerve also produced lacryrnation when stimu- 
lated: the facial. (loIdzieheiV® having noted tliat ])aralysis of 

Denitschenko: PflOgcr’s Archiv f. Physiol., Pd. vl, S. 191, 1872. 

nt'(;hteri?w and MislawskI: Nourolog. Controlbl., Pd. x, S. 481, 1891. 

Herzenstein: Cited by Campos: Archives d'Ophthalmologie, Sept., 1897. 

Reich: Th'ni. 

Arloing: Ibid. 

^''•Campos: Ibid. 

Goldzieher: Ibid. 
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the facial arrested lacryniation, concluded that it was the inland's 
secretory nerve. Tribondeau^^ reached the same conclusion 
after cutting this nerve. While the corresponding eve showed 
but slight moisture, that on the unoperated side remained nor- 
mal. Laffay,^'' after dividing the facial, obsca-ved that the eye 
of the corresponding side remained dry on irritation of the 
conjimctiva, while irritation of eye on the normal side caused 
profuse lacryrnation. Tepliachine^**^ readied (he same concliD 
sion, and contended that both in animals and in man the facial 
brancli reached the gland by way of the superior maxillary. 
Jendrassik^^^ traced facial fihers from the gen icai late ganglion 
to the spheno-palatine, by way of the large ])etrosal and vidian 
nerves, and thence, by way of the orbital brancdi of the supe- 
rior maxillary nerve, to the gland. Chnujios,"^ to eliminate tlu' 
])ossibility of error which the absence of communication betwinai 
this orbital branch ami tlie lacrymal nerve, observed in emdain 
animals, entailed, experimented upon monkeys, lie obtaiiu'd 
copious lacryrnation by stimulating tlio lacrymal lllament of 
the orbital branch; on ceasing excitation and drying the (*y(‘, 
no moisture appeared; on resuming it tbe t(^ars llowed in 
abundance. Koster-- also caused la(*rymatio!i in cats, dogs, and 
monkey by stimulating facial fibers, aft(‘r tracing tliem by 
exclusion to the geniculate* ganglion. It tlius s(*(‘.ms evident that 
the facial is the true secretory nerve of tbe lacrymal gland. On 
tbe whole, it seems apparent that : — 

1. Ovcractrvity of the lacrymal glands is produced hy llte 
circulation Ihrough Hi dr cellular dements of an increased vol» 
nnie of Mood, i.e., of adrenoxidasedaden plasma, 

2. The increased Mood-supply is due to dilaiion of Ihc 
glandular arterioles hy vasodilator terminals of the facial were. 

3. When lacrymaUorb is to cease, the sym palhel tc vasomotor 
filaments also distributed to the arterioles cause llietn to resume 
their normal caliber. 

The mechanism of vasodilation will be described j)rcscntly 
(p. 274). 

”Tribondeau: Jour, de m^?d. de Bordeaux, No. 44, p. 506, 1H95. 

^«Laffay: Cited by Campos: Loc. cit. 

Tepliachlne: Ibid. 

Jendrassik: Ibid. 

Campos: L(k. cit. , 

22 Roster: Neurol. Centralbl., Nov. 15, 1900. 
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The Salivary Glanj)s. — When the influence of increased 
blood-supply on functional activity was reviewed, we saw 
that when the chorda tympani was stimulated after section, 
the subniaxillary gland assumed marked activity; its vessels 
became greatly enlarged, and its main trunk, which gave 
passage to blackish blood before tlie experiment, remained as 
red as arterial blood as long as the chorda tympani Wiis stim- 
ulated. Evidently this nerve is tlie intermediary of the gland’s 
functions, and I’rofessor Foster is inclined to exclude even 
tlie sympathetic as an efferent nerve and to assign all the 
attributes of such a nerve to the chorda tympani. Some of 
its fibers, in fact, are, jiccording to this pliysiologist, ^Vasodilator 
fibers acting on the blood-vessels only.” As this nerve is gen- 
erally accepted as the secretory nerve of the submaxillary we 
liave only to point to it as recognized proof of the fact that, 
as we have pointed out in the case of the lacrymal gland, it is 
to a nerve which causes dilation — of the artei’ioles here as be- 
fore — and admits therefore an excess of blood, ix., of oxidizing 
substance into the cellular elements of the gland, that the onset 
of fumdion, salivation iiere, is due. 

Still, it is dilTicult to admit with Poster that the many 
sympathetic fibers along the branches of the facial and lingual 
that penetrate the organ sliould hold no place in the active 
process, since their exclusion as elTerent nerves simultaneously 
(‘liminates them from tlie latter. If their influence on the 
])arotid gland can be taken as a standard, however, whatever 
])art they play is certainly not that of secretory nerves, since 
they compare in no way with the chorda tym])ani when stimu- 
lated. Thus, Onuf and Collins state that ^Vhen the parotid 
gland is thrown into an intense activity by the cerebral secretory 
nerve so that it secretes from tAvelvc to thirteen cubic centime- 
ters of saliva, the secretion scarcely differs in its microscopical 
appearance from that of the gland in a state of rest. If, on the 
other hand, it has secreted from two to three cubic centimeters 
of saliva under the influence of the sympathetic nerve, the char- 
acter of the cells is changed to such a degree that one thinks 
he has to deal with a completely new organ.” They also refer 
to the experiments of von Wittich, which showed that ^Excita- 
tion of the cervical sympathetic nerve remained without effect 
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upon the secretion of the parotid -land, if tlu‘ facial nerve of 
the same side had been torn out from the ('raiiial cavil v t‘ither 
immediately or souk^ days hetore. ' All this su— — (^sis liiat 11 k* 
sympathetic hbeis, which ai‘c also dislributt'd to tin* Vi*sscls, ai'c 
as disconnected from the a(div(* luiudion as in the hu*rvmals: 
a view strongly sustained by tlie cxpcianu'ntal observations of 
Heidenhain, which showed that the seen'! ion ohtaimul l)y exci- 
tation ot the sym])athetic nerv(' (iti do-s oi* ral)hits) was vim’v 
scarce. That simibn* expcudiiKaits in tli(‘ siihniaxillarv .inland 
liave given corresponding results is w(‘ll known. Ihd tlie sym- 
pathetic cannot be regardc'd as a s(‘cretory nerve cm this accouni 
since the secretion is merely th(‘ n^suli of a slighi excess of 
blood pumped, as it were, into th(‘ gland by tin* inci*eas('d 
propulsive activity whiidi the stimulait'd filua's |)rovoked in the 
S})iral muscular coat of ilu^ arterioh's. 

Tf the annexed engraving, taken from Professor Fosttu’V 
work, is carefully examined, it will also be found in show that 
the circulation of the organ and the sympalheti(» libers an' 
intimately associat(‘d. ^Phe arteries art* t(*rminal sul>di visions 
of the carotid, whiles the V(‘ins are ]>rimary ('haniuds tliat 
ultimately lead to the jugular: h'atnns which emphasi/.e their 
functional importance. Over these aw (‘ntwine<l symf)atli(di(‘ 
fibers from the superior cervi(*al ganglion, which tllxo’s are 
inclosed in a common sheath with the main sensory )ierv(‘ 
present, the vagus: furtluM* evidence that they must, in a 
measure, govern the rjiiantity of blood distributed to the orgain 
In fact, this association with the vagus, sullicicudly intimate 
^^to form wliat appears to be a single* triiid':," almost impose^s 
the deduction that the arterial branches of tlie latter nerve* 
transmit the nfferent or sensory imp\ds(*s in the reflex ai-c upr)n 
which the ^^nervousness’^ of speakers, actors, etc., depends as 
to the condition of ^^dry-mouth/^ or tem[)orary x(*rostomia, so 
frequently observed. Such an inosculation is not dm* to mere 
hazard; it strongly suggests that the sympathetic fibers form 
part of the mechanism through which the intraglandular blood- 
pressure of the organ is governed. 

All this shows clearly that the influx of blood regulat(*s the 
secretory activity of the gland, and that we an* dealing wilh 
fl vasomotor phenomenon. This idea would seem to he ojjposed 
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by the observation of IakIwi^ that if, as Howell in the 1905 
edition of his text-book states, the ^‘blood-flow be shut off 
completely from the gland, stimulation of the chorda still gives 
a secretion for a short time/^ But if the blood-flow is a sec- 
ondary facdor of tfio process, why should the secretion cease in 
“a short time'’? Tlie reason for this is plain in the light of 
,my views: the chorda being the secretory, and therefore dila- 
tor, nerve of the gland, ligation of all tlie vessels to the gland 
did not ])revent what blood remained in the glandular vessels 
to flow in increased quantity into the cellular elements when 
vasodilation occurred, and to enhance momentarily their secre- 
tory activity. 

The next question in order is the identity of the process 
through which a motor or secretory nerve is capable of fulfilling 
f)nly, as my vienvs suggest, vasomotor functions. We are deal- 
ing here not only with a problem of the first importance, but 
one which physiologists have so far failed to solve. The reason 
for this is made apparent in the second volume where my own 
analysis shows that the jirocess is due, strange as it may seem, 
to vasoconsti’iction. Indeed, present teachings do not in any 
way grant constricting powers to the chorda tympani but active 
dilating properties: i.e., it is thought to actually dilate the 
vessel by relaxing its muscular coat, — ^the foundation of the 
belief that' vasodilators exist at all. 

Is such a meclianical dilation of the arteries or arterioles 
distributed to the gland possible? The intragland ular supply 
is mainly composed of capillaries, which, of course, have no 
muscular coat, 'l^he smaller arteries or arterioles end as such 
soon after ent(‘ring the organ ; as the filaments of the chorda 
tyinpani follow tlie course of these vessels we may surmise that 
their terminal end-plates are attached to the muscle-fibers of 
the arterioles; but, to avoid any error on this score, we will 
consider that they end in the muscular layer of ^The small 
arteries” to which Professor Foster refers. Unless we can 
ascribe to the nerve-endings themselves the lifting power re- 
quired to relax the vessels, we must depend on some source 
of expansile elasticity such as that shown to exist in the vessels 
distributed to muscles, in the elastic festooned layer described 
by lianvier. That the vessels are not mechanically disposed so 
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as to forcibly dilate the vascular walls hardly needs nieniion. 
Nor does an elastic expansile lamina under the muscular lav(*r 
exist in these vessels, which, besides their muscular ccat, are 
only endowed witli an internal endothelial layer and an (‘\- 
ternal adventitious coat. From the standpoint of nuuhanics, 
therefore, there is nothin^^ upon which active dilation of the 
vessels could depend. In the light of the views siibiuilted in 



Diagrammatic REruKsKNTATioN of the Suhmaxthlauv Gi.and of the 
Dog, with its Nerves anj> Ueood-vks.sel.s. 

"The disseetion has been on an animal lyinj; on its back, but since all 
the parts shown in the figure cannot be seen from any one point of view, 
the figure does not give the exact anutumical relations of the several 
structures. 

*'8m.gt(l.. The submaxlllary gland, into the duet («///. d.) of whie.h a 
cannula lias been tied. The sublingual gland and duet art' now .sbown. 
W.Z., n.l/, The lingual branch of the fifth nerve; the [)art u.l. is going 
to the tongue, rh.t.", The chorda tympani. The F»art rh.t." Is riro- 

ceeding from the facial nerve; at rh.t/ it becomes eonjoined with the 
lingual (».?.'), and afterward diverging passes as rh.t. to th(‘ gland along 
the duct; the continuation of the nerve in eoinpany witli th(* lingual 
(n.t.) is not shown. Mtn.ffl., The submaxlllary ganglion, with Its several 
roots, a.rar.t The carotid artery, two small branelies of which (t/.siti.a. 
and r.sm.p.) pass to the anterior and posterior parts of the gland, r.nni.. 
The anterior and posterior veins from the gland, falling into r.J., the 
Jugular vein, v.^ym.. The conjoined vagus and sympatlntle trunks. 
g.cer.H., The upper cervical ganglion, two branches of which forming 
a plexus ia.f.) over the facial artery, are distributed in Hj/tn.ttm.) along 
the two glandular arteries to the anterior and posterior portions of the 
gland. 

"The arrows indicate the direction taken by the nervous impulses 
during reflex stimulation of the gland. They ascend to the brain by the 
lingual and descend by the chorda tympani.’* {Foster.) 
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this work^ therefore, and particailarly since the sympatlietic 
and the chorda tynipani are l)oth considered capable only of 
acting as vasomotor nerves, I find .myself obliged, if all 
my foregoing statements to this eifect arc sound, to account 
for the functions of the submaxillary gland with a so-called 
dilator nerve, the chorda tyinpani, and a constrictor nerve, tlie 
sympathetic. 

As to the vasodilation, it is easily explained through wdiat 
I have t(;rnied in tlie second volume (see page 1185) ''striclo- 
dilalion/' which means that the terminal filaments of a motor 
01 * se(n*ctory nerve, the cliorda tynipani in the present case, arc 
not connected Avith tlie muscular coat of the arterioles them- 
selves, but Avith tlie muscular libers of tlie vessels which supply 
the arterioles themselves Avith blood; their vasa vasorum. 4'he 
manner in which dilation of an artery is brought about under 
these circumstances suggests itself; h]/ conslricAmg its vasa- 
vasorum Uig muscular layer of an artery receives less blood and 
relaxes, thus eausiny the vessel to dilate. 

Ihaice tlie effects, as l^'oster describes them, of stimulation 
of the chorda tynipani ; ‘^'^i'he small arteries of the gland become 
very much dilated, and the Avhole gland becomes flushed.’^ 
. . . ^^Before stimulation, the blood trickles out in a thin 

slow stream of a dark venous color; during stimulation the blood 
rushes out in a full stream, often with a distinct pulsation.” 

In keeping Avith tlie prevailing views, Foster also speaks 
of a dual fumdion of tlie chorda tynipani: “When the chorda 
is stimulated, there pass down the nerve in addition to impulses 
affecting the blood-su])])ly, impulses affecting directly the pro- 
toplasm of the secreting cells, and calling it into action, just 
as similar impulses call into action the contractility of the sub- 
stance of a muscular fiber. Indeed, the tAVO things, secreting 
activity and contracting activity, are very parallel.” As will 
be shoAvn at the end of this chapter, the cellular elements need 
no nerve impulse to carry on their functions. They do so as 
marine unicellular organisms are known to do so, by inter- 
clianges Avith the medium in Avhich they bathe — the oxygen- 
laden Avater as to unicellular organisms; the oxygen-laden 
plasma as to tissue cells. 
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As to vn,*iOr()thsfrirf ion , the j)ro('i*ss tliroiiuli wliicli in llu* 
].»ght of 111}' vi(!\vs, tlio vsyinpathntic libors ivstoiv the 
arterioles to their normal caliber, it is plainly sustained l)y the 
present teachings of physiology. Howtdl--' states, for instance, 
referring to tlie vasomotor nerves of tlie gland: "the arrangi‘- 
ment of these latter fil)ers is such that the eiTebral nerves con- 
tain vasodilator fibers that cause a dilation of the* small arteri(‘S 
in the glands and an accelerated blood-tlow, vliile the sym- 
pathetic fibers whose stimnlation cansi's a constriction of the 
small arteries and a diminisluMi blood-tlow.-' 

All tliese facts seem to warrant tin' following conclusions: — 
1 . An e.rac(*rb(fllon of (icfivUij t)f I hr sn/nnorillort/ ifhuul 
is produced bn the circulation, through their crlhdar rlnuruls, 
of an increased volume of blood, i.e., of o.vidizimj subsluncr, 

‘ 2 , TIcis increased supfihf of blood is due h) ditahon i)f the 
glandular arterioles by vasodilator impulses transmilled by the 
chorda tyrnpani), a branch of the facial neree. 

S. WhcAi the secretory activily of the gland is to be reduced 
its hlood-supply is correspondingly diminished by cousin et ion 
of its arterioles under the influence of the sympalhctic fibers 
disirihuied to these vessels. 

Sweat (Ilands. — Altbongb text-books now teach lliat tin? 
secretory activity of these organs is du(‘ to sympe.tlndic iullu- 
ence, there is no niore ground for tliis view than there is :lor 
the acceptance of the sytnpathctic libers as (In^ physioloyieal 
secretory nerves in tin* submaxillary glands. »lust as an arli- 
ficuit secretion may In* obtained from the lattcu’ by stimulating 
their sympathetic sup[)ly, however, so can sweat lx* ohtaiinxl 
by causing engorgement of the sweat-glands by provoking local 
or general vasoconstriction. Indeed, stryi'liniin*, vliicb .stimu- 
lates the vasomotor center, also causes sweat ifig. ( onv(*isely, 
Dupong*"^ obtained sweating by dividing the ccrvii al syinpatbetie 
of the corresponding side of the head— tlms causing passi\c 
dilation of the arterioles of the gland. We have scim tliat Ibis 
is precisely the action on the arterioles of the lacrvmal glands, 
of pilocarpine, w'hose properties as a diapboretic aic well known. 
A careful review of the litt*rature of the subject suggests 


-3 Howell: “T. 13. of Physio).," p. 091. 1907. 
Dupong: Jour, de med. de chlr., et pharm., 


xxxvU, 1816. 



276 THE ADRENAL SYSTEM AND FUNCTIONAL ACTIVITY. 


that just as a secretory cranial nerve, the chorda tympani, nor- 
mally governs the secretion of the submaxillary gland, so does 
a cranial secretory nerve govern that of the sweat glands 
throughout the entire body. 

The prevailing view that the sweat-fibers are of sympa- 
thetic origin, is based mainly on the observation of Nawrocki^"’ 
that the second, third, and fourth anterior spinal roots fur- 
nished sweat-fibers which passed up to tlio skin of the face by 
way of the cervical sympatlieiic, because their stimulation caused 
sweating — a view sustained by Luchsinger^'® — wliile excitation 
of the seventh and ninth cranial gave no result. But no one 
has shown that the seventh and ninth run to tlie skin at all. 
^^It is to be borne in mind/^ writes Langley, ^‘that the fibers 
of the seventli and ninth nerves whi(‘h run to the fifth not^, 
so far as we know, accom})any the branches of the fifth which 
run to the shin, but only those which run to the mucous mem- 
brane and glands.^^ Indeed that the fifth is the nerve wliieh 
supplies the sweat glands is suggested by facts submitted below. 

This suggests that the functions of the sweat glands are 
carried on pi’ccisely as are those of other glandular structures 
reviewed. But in the latter, at least, in tlie lacrymal, parotid, 
and submaxillary glands, the identity of the secretory nerve was 
clearly defined. What constitutes the motor nerves of muscles? 
1'here is some ground for belief that both the skeletal and 
sudoriferous muscles are supplied by the fifth pair, an extension 
of this nerve down the entire spinal cord. 

The fact that the motor nerves of the muscles do not reach 
their destination by way of the sym])athetic cord is now gen- 
erally accepted. Ostroumofl*-*^ found that excitation of the 
peripheral end of the splanclmic, after section, caused a rise of 
blood-pressure in the limbs, thus indicating the ])resence of 
vasoconstrictors only. This is also suvstained by Langley^s state- 
ment tliat there is no satisfactory evidence that the sympathetic 
sends vixmdUator fibers to skeletal muscles. After saying that 
the ‘^conclusive form of experiment, as regards vasodilator fibers 


“Nawrocki: Centralbl. f. d. med. Wlssensch., nd. xviii, S. 945, 1880. 
*** Luchsinger: Archiv f. d. ges. Physiol., Bd. xxii, S. 126, 1880. 
-’^Langley: Loc. cit,, p. 661. 

^ Ostroumoff: PflUger’s Archiv., Bd. xil, S. 219, 1876. 
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of sympathetic origin is to observe the cITeets of stimulating 
the abdominal sympathetkv' he refers to the t‘\perimt‘r.ts of 
GaskelP" wlio found “ a slight decrease of tlie blood-tlow 
through the muscles/' i.e.^ vasoeonstriction, and lieiihailiaiir^'^ 
wlio observed a slight fall of temperature. ‘VNciUiei- found on 
direct stimulation, says Langley, “’evidence of tlu* prese^u*e of 
vasodilator libers.’' Bayliss'*^ recently reviewed what I'videnet^ 
liad been recorded on the (pu‘stion, and remar'ks: “It seems 
to liave been almost taken for granted, up to the present time, 
that the dilators must run in tiie al)dominal sympathetic, hut 
the actual evidence for this is very unsatisfactory." It is clear 
that tlie sympathetic, the vasomotor system, tak(\s jio j)art 
in the process. 

Conversely, there is evidence to show thnt tlu* skelelal mus- 
cles contain vasodilator nerves and that the lifih pair |>ri*sents 
attributes which point to it as their motor m^rve. Thus Dastrc* 
and Morat'*^ obtained dilator ellVcts by stimulating this run-ve in 
the cranium and also by exciting the Gasserian ganglion, whih* 
JjatfonP*^ caused Hushing by stimulating tli(‘ lifth nerve after 
the sympathetic libers anastomosing with it had bt^en allowi‘d 
to degenerate*. Gaskell'*’* also observed that the branch (d‘ the 
fifth distributed to the mylo-hyoid contaiiKMl vasodilators. 
Such effects cannot be attributed to exc(‘ssivt‘ vasoconstriedion 
when a cranial nerve is the source of dilation, since* tin* only 
connection of the latter with the arleri(*s is — in tin* light of 
my views, with the vasa-vasorum of those arteries. They cause? 
dilation or nothing. Moreover, the manner in wliieli iis inlln- 
ence on the muscle manifests itself jioints to a jinre molor 
action. Thus the mylo-hyoid takes part in ibginl ition, douht- 
less by transmitting efferent impulses. Starling,*' for instaiK'e, 
says: ^^The efferent impulses from tlie eeiilcu’ pass by I be liypo- 
glossal nerve to the muscles of the tongue, l)y tin? filth to the 

“Gaskell: Jour, of Anat. and Physiol., vol. xl, p. 360, 1877. 

Heidenhaln : Heidenh&in. Alexander u. Gottstcln, Archlv f. d. ges. Physiol. 
Bd. xvl, S. 1. 1878. 

*1 Bayliss: Jour, of Physiol., vol. xxvi, p. 173, 1901. 

«2Dastre and Morat: “RechercJies sur le Syst. Nerv.,” 1881. 

“Laffont: Cited by Vulpian: C. R. de I’Arad. d. Scl., IV h, p. 981. 188o. 

**Oaakell: Jour, of Anat. and Physio!., vol. xl, p. 720. 1877. 

“Starling: Scbftfer^s “T. B. of Physiol.,’* vol. 11, p. 330, 1900. 
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mylo-liyoid muscle, by the glosso-pharyngeal, the pharyngeal 
branches of the vagus, the lifth, and tlie sjiinal accessory nerves 
to the muscles of the fauces and pharyiix.^^ Conversely, Charles 
Bell obtained paralysis of the facial muscles on cutting the 
fifth nerve. (Quoted by Schafer.*^**) 

Wlien these observations are supplemented in the light of 
the experimental facts previously adduced, and the aggregate 
is taken as the basis of analysis, a close functional relationship 
between the nmschis of tlie sweat glands and the skeletal mus- 
cles not only suggests itself, but the fifth nerve stands out 
prominently as tiie motor neiwe of both. 

Sherrington‘S states that ^^the nerves of muscles derive 
large numbers of their fibers from tlie spinal ganglia.^^ In the 
limb muscles of the monkey and cat he'*'* found “from a half 
to a (piarter of all the nerve fibers to bii sensory.^’ Jle also 
says that “these sensory fibers end in end-organs — muscle spin- 
dles, Golgi-organs, modified Pacini-organs, and in Pacini 
bodies/’ As is well known, ameslhesia of the surface prevents 
the development of convulsions: it is therefore by paralyzing 
the cutaneous sensory end~organs, of nerves connected with the 
muscular nerve-supply that these abnormal muscular contrac- 
tions are prevented. Again, while Binswanger obtained spasm 
reflexly — efferent motor impulses being necessary factors of the 
are — in various parts of tlie body by stimulating branches of 
the fifth pair, Sherrington as interpreter of the prevailing 
knowledge, states that the gelatinosa which caps the posterior 
horns and receives all the fibers from the sense organs of the 
body surface and muscles extends “without break from, the 
cranial fifth to the lowest coccygeal, inclusive/* 

The vasodilator effects observed by Dastre and Morat, 
Laffont, Gaskell point to the pi’esence in tlu* sweat and skeletal 
muscles of the head and neck of stricto-dilator nerves belonging 
to the fifth pair. In the light of the above data, it seems 
probable that this applies to the trunk and extremities as well. 

Wliat experimental evidence there is to show that an influx 
of blood into a gland is not the factor which incites function 


cited by Schafer: Tbid, vol. il, p. 726. 

Sherrington: Jbid, vol. li, p. 1007. 

Sherrington: Jour, of Physiol., vol. xvii, p. 211, 1894. 
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loses cons id oral )le of its weiglit if the views I have submit ted are 
sound. Iloweli;-*-^ for instance, writes: “^rhe action of the 
nerve-fibers upon the sweat glands cannot l)e e-\i)laine(l as an 
indirect effect — for instance, as a result of variation in the 
blood-flow. Experiments have repeatedly sliown that, in the 
eat, stimulation of the sciatic still calls forth a se(‘n‘tion after 
the blood has been sliut off from the leg l)y ligation of the aorta, 
or indeed after the leg has been amj)ulated for as long as twcaity 
ininutcs.^^ An important feature of these (‘xjxu'iuu'nts, liowc’V(*r, 
is that the secretory activity is of very sliort duration and that 
the relaxation of tlie arterioles and the s\iddcn intUix of blood 
among the e])ithelial (-ells induced by stimulation of the sciatic 
nerve is suflieient to account for it. llowcli also states that “in 
human beings it is known that ]»rofusc sw(‘ating may <d'le!» 
accompany a pallid skin, as in t(‘rror or nausi-a.” In all <d' 
these conditions, as shown in tht‘ S(‘cond volume, then* is gen- 
eral vawsodilation, including of course r(*hixation of llu* ari(‘rioles, 
wliich also increases the volume of blood admith'd to the epitlus 
lial cells, TVl. l)uvaP“ stat<*s that in moribund cats, whih' the 
heart-action is growing weaker, sweating of tin* to(‘-pads occurs; 
and if these are not ])igmented they laronu* pale and (‘xsanguini*. 
^riiis corresponds with the profus(‘ sw(‘ating of deatli-agony in 
human beings, which is also attended, of ('ours(\, with pallor — 
an obvious sign that the vascular artmuoles are relaxed allowing 
a temporary influx of blood into the sweat-glands. Kiually, as 
I will show on ])age loHO, pilocarpine — as well as oth(*r drugs, 
nicotine, for example — owes its sudorific properties to the fact 
that it depresses the sympathetic center, thus ('ausing r(*laxafion 
of the arterioles. Yet, division of the scuatic nerve, through 
which tlie sympathetic fibers reach tin; ari(‘iiol(‘s oj the lowt'i* 
extremities, does not prevent sweating in tin* eornxspomliug 
lindj. But we must not lose sight of the fact that tin* r(*laxatioii 
of all the arterioles of the body by the drug produces a (*on- 
dition akin to that observed in moribund auimals, and that 
under such conditions division of the sciatic would not })nwent 
an influx of blood into the gland and cause sweating. 

The process through which the fimetioiis of a sw<*at-gland 

“Howell: Loc, cit., p. 790. 

“ Duval: “Coura de phyalologie/* 1892. 
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are influenced by variations of blood-flow becomes all the more 
evident when we take into account its histology and especially 
the manner in which the muscular elements are disposed. 

In the light of all this evidence, the following conclusions 
seem warranted : — 

1. The secretory activity of a sweat-gland is increased hy 
the circulation of an excess of adrenoxidase-laden plasma in its 
epithelial and muscular elements. 

2. All the intrinsic structures of the gland being thus ren- 
dered hyperactive, the secreting activity of the glandular ele- 
ments is enhanced and the spiral muscles around the coiled and 
straight tubes are caused to contract periodically, each contrac- 
tion causing an outflow of sv)eat. 

3. The increased supply of blood is due to dilation of the 
glandular arterioles by vasodilator impulses received through 
the secreto-motor nerve of the gland (probably an extension of 
the fifth including its spinal extension). 

4. The secretory activity of a sweat-gland is reduced when 
the volume of blood circulating through it is decreased owing to 
contraction of its arterioles by vasoconstrictor impulses, received 
through its sympathetic terminals. 

The capillaries form a close net-work around the coiled 
tubes, and reach down to an extremely thin basement mem- 
brane, which, in turn, surrounds the layer of muscular fibers 
that coil around these tubes. An important feature of this 
muscular layer, — ^which is only separated from the cavity or 
lumen of the tube by the secreting epithelial cells and their 
endotlielial lining, — ^liowever, is that its ribbon-like fibers are 
spirally wrapped round the tube, and in such a manner as to 
leave a gap between their border, throughout their whole length. 
Not only, therefore, is the thin basement membrane thus enabled 
to reach the secreting cells through the gaps, but the former 
actually project through the latter so as to touch the mem- 
brane. Furthermore, the projecting cells are so related to one 
another as to form canaliculi-like spaces, which extend from 
the capillary-covered membrane completely through to. the lumen 
of the tube (Kanvier). 

Mammary and Sebaceous Glands. — Foster refers to the 
influence of the nervous system upon the mammary glands in 
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tliG following words I both tlio so(M*oti()n tind ojoction 

of milk arc under the control ot the nervous svsU*iii is sliown by 
common experience, but tlie exact nervous nvc(*bauisiu lias not 
yet been fully w^orke<l out. AVliilc the erection of the nipple 
ceases w^hen the sj)inal nerves which supply the breast are 
divided, ‘the secretion continues, and is not arrested even wdieii 
the sympathetic as well as the spinal nerves an' cut.’’ 

The nerves that supply these organs and tlie skin (*over- 
ing them are tlie intercosials from tlie second to the sixth, 
inclusive; the thoracic branches of the brachial plexus; and 
the descending branches of the c<'rvical plexus, while sympa- 
thetic filameiiis accompany all blood-vi'ssels. 

In this analysis we will, in a measure, cov('r tw'o subjects, 
since the mainmarv secretion is carri(*d on in a manner similar 
to that which prevails in sdiaceous glands. 1'he fim(*iional 
[n-oeess in the latter and the similarity refi'rri'd to an* well 
illustrated in the followdng rpiotations from the work of W. 
Koger Williams/’ Referring to the sebaec'oiis glands, this 
author says: ^‘W^ithin the nicmhnuia proftria of its s('(*retory 
part wo find a stratum of small, irrogiilarly-shap(?d rpitho.lml 
cells, each with a large nucleus (Fig. 1, />). ^The ci'Ils of tins 
region are constantly jiroliferating, and, as tin' jirodiu'ts of tin' 
process gradually shift toward the duct, they l)ecome changed 
and gradually form the secretion.’’ If the words that wt* liav(* 
italicized are j)laced in immediate secjuence, they will be found 
to describe exactly the histological arrangement of the sw^eat- 
tubes from the delicate membrane to the lumen. ^‘Tlu' steps 
of the process are as follow^s: The cells lU'xt the marginal <*el!s 
(Pig. 1, h) increase in size and their nuclei dwindle. As they 
approach the center of the acinus their n\iclei disa|)pear, and 
the cells become distended wdth granules and oil-gIol)ules. 
Finally they burst and their debris forms the secretion, which 
is discharged.” This also coincides wdth the manner in which 
sudoriferous glands produce their secretion. 

^‘Lactation is the outcome of a similar process, continues 
Mr. Williams. "^Milk must, therefore, be regarded as the prod- 
uct of the deliquescence of successive degenerations of epithe- 


W. Roger Williams: 


'Diseases of the Breast,” London. 1894. 
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lial cells which are destroyed in this process and replaced by 
relays of new cells derived by division from other still active 
epithelial cells of the part. Tims we see that growth, devel- 
opment, and secretion are but sliglitly varied manifestations 
of cellular activity finding expression in different ways.” 
. . . ^Tlie complete degree of mammary function that 
eventuates in lactation is only attained periodically, and the 
process is always gradual. The following is a brief account of 
Creighton^s description of it: Subsidence of the function goes 
hand in hand with undoing of structure, and revival of the 
function Avilh the building up of structure. Variations of 
intensity in the secretory force are measured by its products 



Fig. 1.— Histologigal, Section of the Waj.l op a Sebaceous 
Cyst, {('omil and Hanvier.) 

a. Fibrous stratum with connoctive tissue corpuscles, h, Marginal 
stratum, c, llornifying cells, d, Sebaceous cells. 

Avhich correspond to changing aspects of the secreting acini. 
The beginning of the rising function coincides with the be- 
ginning of pregnancy, and the process occupies the entire 
period of gestation. During the intervals between its periods 
of functional activity the breast remains in a quiescent func- 
tionless state: the rcsihuj stage. In this condition the gland 
is shrunken and surrounded by a considerable quantity of 
fibro-fatty tissue. The acini are shriveled up. On micro- 
scopical examination of sections of the gland in this stage 
(Fig. 2) eacli acinus appears as an alveolar space bounded by 
a thin layer of fibrous tissue, denuded of epithelium. Its con- 
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tents are irregularly-arrangod, polyniorpliio, opitlielial cells, 
with large nuclei and scanty surrouiuliiig protoplasm. . . . 

“During the risiny function tlie size of the acini grad- 
ually increases from that of the resting stage. Tlie cells in- 
crease in number and size and accpiire more proto])lasm. 'I'liey 
gradually arrange themselves so as to form a lining mcmhraiu’ 
for the wall of the acinus (Fig. .‘I), which, as lactation ap- 
proaches, is converted into a regular mosaic. 'I'he ccdls become 
granular, irregularly ,'^haj)cd, c.vcavated, and vacuolated, sci-rct- 
ing granular and mucous fluids. 'Phc milk of ihe (irst few days 
is always somewhat crude, containing colostrum-cells, which 



Tub Mammary Lobttdb Nkar thk UKaTiNn Stack (Ui'I’Kii) ani» 
During Functional Activity, {(' rviyhloii .) 


arc (he last of the long series of secretory prodiicis ilirown off 
during the period of rising function. 

^‘The fully-expanded acinus (Fig. 4) in a slate of active 
secretion is at least four times as large as that of the resting 
stage. Its contained cells arc much more numerous than at 
any other period^ and they form a perfect mosaic, lining the 
inembrana propria. Each cell is flattened and of ]F4yliedric 
shape, and has a large nucleus surrounded by a broad zone of 
protoplasm. 

"^luring the period of subsiding function the organ grad- 
ually reverts to tlie resting stage through the converse series 
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of changes. In this process the cells pass through a succession 
of transformations, from the forms characteristic of the per- 
fect mosaic of lactation to those peculiar to the various stages 
of the subsiding process. These changes are accompanied by 
constant destruction and renewal of the participating cells^ 
^‘With regard to the influence of the nervous system on 
the mammary secretion, most of those who have studied the 
subject are agreed that tlie secretion of milk is not directly 
under its control. Laftont,^^ however, maintains that the 
mammfB possess vasodilator nerves which, when stimulated, 
cause augmentation of the quantity of milk secreted; but de 
Sinety,'^** who lias repeated his experiments, is unable to accept 
his conclusions.^^ 



Fio 4.— Expanded Mammary Acinus, Showing the Arrangement 
OF Epithelial Mosaic. {Creighton.) 

The foregoing review not only indicates the important 
part cellular metabolism plays in the functions of the mam- 
mary glands, but also that the blood is an important source 
of active functional work. ^^The blood is the ultimate source 
of milk,^^ says Foster, ^fliut it becomes milk only through the 
activity of the cell, and that activity consists largely in a 
metabolic manufacture by the cell, and in the cell, of the 
common things brought by the blood into the special things 
present in the milk. Experimental results tell the same tale.'^ 
Another feature which it places on a solid footing when asso- 


^^Laffont: Comptes-Rcndus de rAcaddmic des Sciences, yol. Ixxxix, 1879. 
" De Sinety: Mdmolres de la Soci^td de Biologic, vol. i, 1879. 
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dated with Professor Fosters remark, aiul one whieli 1 wish 
particularly to emphasize, is the identity of the liquid which 
holds the various constituents of milk in solution, viz.: hlood- 
plasma. This is also suggested by a statement of M. Duval's, 
who, referring to tJie formation of cream, says: “The trails- 
parent portion that remains at the bottom of the vessel repre- 
sents the plasma of tlie milk: that is to say, the milk without 
globules. We employ the word ^plasma’ here to establish a 
])arallelism between the analysis of milk and that of the blood. 
8kiramed milk corresponds to the licpior of the blood/’ 

In another chapter the true identity of l)h)od-])lasnia, owing 
to its inherent oxidizing substance or adrenoxidase, its antitoxin, 
etc., as a propliylactic, and its role in this connection, will he 
furtlier studied. But, bearing directly \ipon the tjnestion in 
point, — i,e,, the functional mechanism, — the presence of plasma 
in the milk forcibly indicates tliat an important vasot'onsirictor 
system must exist in the mammary gland. In fact, that so 
careful an investigator as Ladbivt should hav(‘ observed vaso- 
dilation furtlier cnipliasizcs this, and tends to indi('at(j that a 
jirocess similar to that described by me in my analysis of sub- 
maxillary functions must prevail, — Le,, indired vasodilation,— 
a fact sustained by the counter-ex])eriments of an equally com- 
petent physiologist, dc Sinety, xvho was unable to iind vaso- 
dilators per Ijatfont reached his deduction that vasodilation 
occurred by measuring the blood-jiressure in the mammary 
artery of a bitch, during lactation, after severing tlio mammary 
nerve and stimulating the peripheral segment of tin* latter. 
Congestion of tlic gland and increase of milk-tlow followed, 
blit after cessation of the artificial stimulation the flow, though 
not arrested, was greatly reduced. This led Lafi'ont to con- 
clude infercntially that the mammary gland j)0HS(;sscd typical 
vasodilators similar to tliose though.t to exist in the suhrnax- 
illary gland. I have shown that the phenomena upon whieh 
such a deduction could be based, in respect to the latter organ, 
could be accounted for without vasodilators and that active 
dilation was a mechanical impossibility, (fiaude Bernard s own 
testimony to this is indirectly afforded by the fact that the 
^^interference” or ^^nliibition” theory was introduced by him 
to account for vasodilation : the existence ol which he was 
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first — ^as he had been in the case of vasoconstriction — ^to dem- 
onstrate. 

The various data reviewed seem to me, when considered col- 
lectively, to suggest modifications of generally accepted views. 
In the mammary gland tlie secreting apparatus is formed, we 
have seen, first by an extremely thin basement membrane, and, 
second, by a single layer of epithelial secretory cells. The 
latter supply the milk-forming elements other than the liquid 
per se, which liquid responds to various tests of blood-plasma 
(Duval) and seems to replace the water secreted by the sweat, 
salivary, and lacrymal glands. In all three of the latter organs, 
however, the secreting structures are surrounded by a net-work 
of capillaries. That such is also the case in the mammary 
gland is evident, since riersol,^^ referring to the glandular 
vessels, says: ^M^'roni these vessels on the anhirior surface of 
the organ branches penetrate into tlie glandidar mass and 
pass between the lobules, giving off twigs which break up into 
capillaries inclosing the alveoli.^^ A net-work of nerve-fila- 
ments are also traced to the glandular elements of salivary 
and sudoriferous glands: a feature also reproduced in the 
mamime. Thus, Bdhm and von DavidofT.^'^ alluding to the 
terminations of the nerves in the mammary glands, recall that 
they have been studied by means of the methylene-blue method 
by Dmitrewsky, who found that ^^the terminal branches form 
epilamellar plexuses outside the basement mend^rane of the 
alveoli, from which fine nerve-branches pass through the base- 
ment membrane and end on the gland-cells in clusters of 
terminal granules united by fine filaments.^^ They also state 
that "the vessels form capillary net-works surrounding the 
alveoli.^’ The ducts when nearing the nipple have an outer 
layer of cellular tissue containing a large number of clastic 
fibers and smooth muscular fibers which depart slightly from 
the axial line in direction, thougli insufficiently so to be termed 
"spiral” as in the case of the sweat-gland muscles. But, in 
the mammary gland, suckling, by creating a vacuum and caus- 
ing elongation of the nipple, fulfills the function of the latter. 

♦♦Piersol: “Normal Histology/* p. 241, seventh edition, 1900. 

Dohm and von Davidofl: “Text-book of Histology/' translated by Huber, 
p. 361, 1900. 
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We thus have all the structural elements of the previously 
studied glands present in these. Their peripheral nieehanisnis 
should also cori-espoud, however. As to the nervous supply, 
we have seen that dilation of arteries was found to he con- 
trolled by motor nerves, by Lairont, and that the presence of 
vasomotors was denied by de Sinety. Ifenee, the vasodilation 
must be due to indirect action, especially since LatTont caus(‘d 
it by stimulating these nerves, precisely as (Maude Bernard had 
done in the case of the submaxillary glands. MMie stiinulatiorj 
must, therefore, have caused this indire(*t vascular dilation 
in the manner described when tlie cliorda tyni|)ani was in 
question: t.c.. by causing stricto-dilation of the glandular 
vessels. M^hat tliis conceplion of the ])r()(‘ess is justified is 
further sustained by the ex|)eriments of liolirig,^*' wlio found 
that a fnoior nerve, the external spermatic, su|)plied constrictor 
fibers to the glandular l)lood-vessels in the goat, and that 
division of one branch of this nerve, the lowtu', enhanced secre- 
tion (evidently due to relaxation of the vessels through loss 
of their normal stimulus), while stimulation of the periplieral 
end of this subdivision of the nerve d(?creas(*d the sciu’cdion. 
This clearly suggests tliat, just as is the (*ase in the sul)max- 
illary and other glands, the s(*cret<u’y activity of the organ should 
be attributed to an increase of the blood coursing through its 
secretory elements. 

As to the sympathetic fibers, they are also stated by l?oger 
Williams to ^^accompany the mammary blood-vessels’^; and, as 
section of a sympathetic nerve is always followed by dilation 
of the arteries, they can only act as vasoconstrictors here as 
elsewhere. That all efferent fibers distributed to the gland- 
ular elements and to the blood-vessels originate from the cen- 
tral nervous system is evident when their relationship with 
the cord, and particularly the results of section immediately 
below the medulla, are recalled. That a single stream of im- 
pulses from the cerebral centers can sustain the entire function 
— ^that is to say, that part of it under nervous control — scarcely 
needs, under these conditions, to be emphasized. 

An important characteristic of the functions of the mam- 

" Rohrig: Virchow's Archly, vol. IxvH. 187«. 
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mary glands, however, is that their dependence upon their 
nervous supply is not as great as is the case with other organs. 
This is readily accounted for when the identity of the liquid 
portion of milk is realized. The blood-plasma must undergo 
but little change during its conversion into milk-plasma; in- 
deed, it is probably merely tiltcred through the membrana 
propria and the e])itlie]ial layer of cells in the lobules and thus 
becomes charged with their ])roducts. ]jeuco(*ytes are the main 
source of the latter; Kadkin"*^ round them both in the epithe- 
lial lining and alveolar cavities, ^Vherein disintegration of 
their nuclei supplies the milk with a proportion of its nuclein, 
the remaining amount of the latter being furnished by the 
epithelial cells.^’ ^J'hese bodies and the oxidizing substance of 
the blood-])lasrna not only transfer to the milk their immuniz- 
ing qualities, but the oxidizing substance is its(‘lf a source of 
functional energy through which leucocytes and epithelial cells 
a?'e caused to endow the milk with its nutritive principles. 
Much of the organ’s woi'k is therefore automatic. 

While “the secretion continues and is not arrested even 
when the sympathetic as well as the spinal nerves are cut/’ 
control cx])eriments soon show that, as was the case with 
Laffont’s animal, the flow, tliough not arrested, is reduced even 
when only one set of nerves is cut. This indicates, when con- 
sidered along with the fact that stimulation of the mammary 
end of the nerve increases the gland’s activity, that the nervous 
supply must not bo disregarded, and it also suggests that the 
sharp line drawn between “active” and “passive” activity, in 
the case of other organs, and which mainly depends upon 
nerve-impulses to secreting structures and vascular walls, is 
scarcely applicable hero. Indeed, we are doubtless dealing 
with mere fluctuations of activity, called forth, during lacta- 
tion, by afferent impulses to the motor centers: a feature 
which the rapid formation of milk after nursing and the in- 
fluence of emotions upon its flow suggest. Tn framing our 
summary of the functional njcclianism of the mammary gland, 
therefore, it is not the difference between active and passive 
activity that we have in mind, but the manner in which fluct- 


^^Kadkin: Inaugural Dissertation, 1890. 
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uations of activity are brought about. The actual process 
involved, even here, however, is primarily a mechanical one, 
since filtration of the blood-plasma into the secreting elements 
represents no mean expense of force. As blood-presiuire to- 
tally independent of the normal systemic pressure must account 
for this, we are relegated to the vessel-walls and their nerve- 
supply as the intermediaries through which this is carried out. 

On the whole, the functional meclianism of a mammary 
gland may, in the light of the foregoing facts, be interpretcid 
as follows: — 

1. The formation of milk is due to an exacerbation of 
secretory activity, the nutrient fluid heing held in reserve by 
the organ until withdrawn mechanically by the suckling. 

2. Blood-plasma, including its oxidizing substance (adren- 
oxidase), is the main fluid constituent of milk, and is sup- 
plied to the secretory cells by the glandular arterioles when these 
vessels on'e dilated by their motor nerves, the terminals of the 
fourth, fifth, and sixth intercostals. 

S. When the formation of milk is to cease, the arterioles 
referred to resume their normal caliber, the result of constrictor 
impulses received through the intermediary of their sympathetic 
nerves. 

Kidneys. — Howell'*^ states that ^The kidneys receive a rich 
supply of nerve-fibers,’^ but that ‘^most histologists have been 
unable to trace any connection between these fillers and tlie 
epithelial cells of the kidney tubules.” Interpreted from my 
standpoint such a connection is not in the least necessary, since 
as T have now shown repeatedly, the function of an organ is 
dependent upon the volume of arterial blood circulating through 
it. My view is fully sustained by the prevailing doctrine, since, 
as Howell says, the marked effects obtained during purely physi- 
ological experiments are ^^all explicable by the changes produced 
in the blood-flow through the organ.” It becomes a question, 
therefore, as to how, and by what nerves tin's blood-flow is regu- 
lated, for as stated by Stewart^® "increased blood-flow entails 
increased secretion.” 


“Howell: T. B. of Physiol., second edition, p. 763, 1907. 
" Stewart: Loc. oil., p. 419. 
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That the vasodilation necessary to the inception of an ex- 
acerbation of function — as it is in the submaxillary gland — 
occurs in the kidney as well as in the organs previously reviewed, 
is shown by the experiments of Bradford®^^ who found that 
vasodilator nerves entered the kidney with the vasoconstrictor 
libers, and that when the anterior roots of the eleventh, twelfth, 
and thirteenth dorsal nerve roots were stimulated with induc- 
tion shocks one second apart, the organ swelled though no 
sufficiently marked rise of blood-pressure occurred to account 
for it. Stewart'”’^ also states that the presence of dilator fibers 
for the kidney has been ^^demonstrated in the splanchnic nerves.” 
That it is these vasodilators which enhance tlie flow of urine 
is sustained by the prevailing opinion that true secretory nerves, 
Le., nerves influencing directly the epithelial elements, are not 
present in the kidney. 

^riie source of these renal vasodilator nerves is disclosed 
by the fact that it is only by stimulating the splanchnic that 
the caliber of the renal arteries is increased. Indeed, Eekhard^‘- 
found that stimulation of the vagi below the diaphragm does 
not influence the flow of urine. This imposed the conclusion 
that even the vasodilators of the kidney belong to the sym- 
pathetic system. 'J^iis is confirmed by the researches of Berk- 
ley^'*^ which sliowed that ^Hlie innervation of the kidney is de- 
])endent directly ujion the great sympathetic; and histologically 
speaking, it is found that all the nerves of the glands belong to 
the non-medulla ted type.” Briefly, the vasodilator nerves of 
the kidney which promote the flow of urine belong to the sym- 
pathetic systenn. 

How are the arteries restored to their normal caliber — ^that 
compatible vdth the normal excretion of urine? 

In the light of the conclusions submitted in the foregoing 
pages the kidneys shoidd receive filaments capable of causing 
constriction of the renal arteries when the excretory activity of 
the organs is to be decreased. That such is the case has been 
shown experimentally by many observers. In the dog, the 


“Bradford: Jour, of Physiol., vol. x, p. 358, 1889. 

Stewart: Loc. cit., p. 152. 

“Eckhard: Cited by Starling: Schftfer’a “T. B. of Physiol./’ Tol. 1, p. 645. 
Berkley; Jour, of Path, and Bact., vol. I, p. 406, 1893. 
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vasoconstrictor nerves leave the cord^ according to Stewart, 
the anterior roots of the sixth thoracic to the second lumbar 
nerves and especially tlie last three thoracic.'" Langley''^ ob- 
served prompt and groat pallor of the kidney and upper part 
of the ureter on stimulating the first lumbar nerve, and slower, 
though still great, pallor on stimulating the second lumbar in 
the cat. As stated by Starling*"’"* a rise of the general blood- 
pressure coincides with marked shrinkage of the kidney, so 
that the effects observed by Langley must be of vasomotor origin. 
Moreover various toxics knowui to raise the vascular ])ressurc 
produce effects similar to stimulation of the renal vasomotor 
nerves. Thus Sakussow^** recently found that digitalin in 1 
to 1,000,000 solution caused contraction of the renal V('ssels. 
•The same effect was obtained from a 1 to 1,000,000 solution of 
adrenalin, '^flie latter result ac(*ounts for tin; fa(*t that Brad- 
ford*"’^ obtained renal vasoconstriction by stimulating, besides 
the nerves included within the above limits, the fourth and 
fifth thoracic, thus including among those stimulated, the libers 
which pass to the splanchnic and tlience to the kidneys, lie 
found, however, that thc*most active vasomotor nei’ves were those 
of eleventh, twelfth, and thirteenth thoracic. That all tlujso 
filaments are distributed to the arterioles in the organs lias not 
only been established histologically, hut as stated by Ihilnn, 
Davidoff, and Huber, ^‘from the ph*xuses surrounding the 
vessels small branches are given off which end on the jnusclc- 
cells of the media. 

As to the source of the vasoconstrictor fibers, it corresponds 
with that of the vasoconstrictors supplied to othci* abdominal 
organs, the splanchnic. Thus Nollner'^'* and othci’s have traced 
these nerves from the sympathetic chain through the great and 
small splanchnics to the solar plexus, and thence to a network 
of fibers lying in the fat between tlie adrenal and tlie kidney. 
Several of the filaments were found by N^ollner to enter the 
latter with the renal artery. 


« Langley: Schafer’s “T. B. of Physiol.,” vol. II, p. 643. 

® Starling: Ibid., vol. 1, p. 646. 

®®Saku8sow: Vratch, April 10, 1904. 

“’’Bradford: Jour, of Physiol., vol. x, p. 3.68, 1896. 

Bohm, Davidoff and Huber: Loc. cit., p. 335, 1905. 

Nollner: Beitrage z. Anat. u. Physiol, v. Eckhard, Bd. Iv, S. 139, 1869. 
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Wc thus find ourselves in the presence of the surprising 
fact that both the vasodilator and vasoconstrictor nerves of the 
kidneys — ^those which preside over the functions of these organs, 
arc of sympathetic origin. Indeed, as will be shown later, this 
is a characteristic of the adrenals, these organs and the kidneys 
Avorking in harmony: the adrenals by supplying, as we have 
seen, the oxidizing sulistance of tlie blood, which takes part, 
among otluT functions, the disintegration or proteolysis of 
waste-products in order to coiiA^ert tliem into eliminable end- 
products; the kidneys, by insuring the excretion of these end- 
products from the system. 

Tliis accounts for various obser\nitions that present knowl- 
edge fails to ex])lain. Thus Aubertin and ArnheiT”^ found 
concomitant lesions, both on naked eye and microscopical exami- 
nation, in the adrenals and kidncA'S in all cases of nephritis 
studied by them characterized by high-pulse tension. The lat- 
ter phenomenon suggests that wliile an excess of adrenal secre- 
tion was being produced — ^this product and adrenalin causing, 
as is Avell known, a marked rise of the vascular tension — the 
kidneys had also lieen overworked in these cases, i.e., excessive 
excretory activity bad brought on the nephritis. In other words, 
marked increased functional activity of the kidneys, as repre- 
sented by renal vasodilation, should coincide — since the ad- 
renals are simultaneously stimulated — “Avitli increased vascular 
tension. This has been a('tually observed exj)erimentally by 
Cavazzani,®^ though unexplained by him. He found that urea 
caused simultaneously expansion of the kidney — and therefore 
an increased production of urine — and general A^asoconstriction. 
Ihincture of the floor of the fourth ventricle (Bernardos piqure) 
produces glycosuria through the intermediary of the adrenals, 
as Avill be shown elscAvhere; a sijuilar puncture also produces, 
as stated by StcAvart, ^^a copious floAv of urine.” We need not 
go beyond common experience to find ample proof of the fact 
that polyuria is a prominent symptom of diabetes, i.c., that the 
adrenals and the kidneys AAmrk in harmony. The importance of 
this relationship asserts itself when the obscurity surrounding 
the question is recalled. Thus referring to polyuria, Hensell, 

Aubertin and Ambert: Tribune m^dlcale, p. 119, 1904. 

^ Cavazzani: Arch. Ital. de biol., vol. zvlii. p. 158. 
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Well, and Jelliffe®* state that “it is common to two diseases — 
diabetes mellitus and chronic interstitial nephritis — but in 
either case a clear explanation of this symptom does not exist.’’ 

Pending additional evidence to this effect tlic following 
conclusions as to the functions of the kidney appear to us 
warranted : — 

1. When the flow of urine is to he increased, the renal 
arterioles are dilated by vasodilator ternrinals of the synijui- 
ihetic which reach the organ by way of the splanrhnie nerves 
and the semilunar ganglia. The glomerular tufis being thus 
traversed by a greater volume of blood the com ponenis of urine 
are thus filtered out into Bowman s capsule. 

2. When the flow of urine is lo be decreased the same arteri- 
oles are reduced to their normal caliber by the vasorouslrictor 
fllanients of the sympathetic which reach the kidneys also by 
way of the splanchnic nerves. 

The adrenals and the kidneys are functionally united, 
the adrenals contributing by their secretion to the conversion 
of waste-products into end-products which the kidneys excrete 
with the urine. 

With the functions of the kidneys as coin])leinen(al to those 
of the adrenals, what wc have termed tlie renal system” 
acquires greater importance in the vital functions of tlie organ- 
ism as a whole: it supplies the body the substances which sus- 
tain oxygenation and metabolism, but ])r()Yi<les also for tlie 
elimination of end-products of catabolism and other wastes. 
By ^^substances” licre, are meant both the adrenal and thyroid 
secretions. The former of these, by becoming oxygon i/cd in tlie 
lungs, constitutes the oxidizing substance of the blood, i.e., the 
albuminous portion of its haemoglobin ; the thyroid secretion as 
previously stated, and as will be shown, enhances the viilm'r- 
ability of all tissues to oxidation, including the adrenal center 
in the pituitary body. 

As to the functional relationship l)otween all these organs, 
they may be briefly summarized as follows, pending additional 
evidence : — 

The pituitary body contains a center which governs the 


« Hensel, Well and Jelllffe; “The Urine and Faces/' 1905. 
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functional activity of the adrenals and of the Jcidneys, Any 
excitation of this center hy certain toxics that may occur in the 
blood increases the functional activity of both the adrenals and 
the kidneys, and, therefore, general oxygenation and renal 
exci'etion. 

The Internal Secretion^ of the Kidney. — The belief 
that the kidneys are the source of an internal secretion dates back 
to 18(11), when Brown Sequard showed that injections of renal 
extract postponed the development of uremia in nephrectomized 
animals, and prolonged life. Ijepinc found in addition that a 
filtrate of a watery extract of kidney caused a rise of temperature 
and dyspnea. Moreover, Oliver and Schafer showed in 1898 
that a cold-water extract of fresh kidney, when injected intra- 
venously in rabbits, soon produced a more or less marked rise of 
the blood-pressure. All these obseiTations have been amply 
confirmed. 

In the light of the data I have adduced, however, none of 
the above plienomena can be attributed to a renal internal secre- 
tion : They represent merely the elfects of extracts of adrenal 
rests contained in the kidney substance, and of which adrenoxi- 
dase the blood in the renal tissue used in the preparation of the 
extracts happened to contain. The existence of adrenal rests is 
the nicognized source of hypernephromata (see page 129) ; indeed, 
Ix'wandowsky found that the effects obtained from renal venous 
blood dilfercd in no way from corresponding quantities of venous 
blood obtained elsewhere in the body. As to the rise of tempera- 
ture, the elevated blood-pressure, and the dyspnea, they are all 
typical effects of adrenal extracts. Fuchs and Koth*^® found that 
adrenalin increased markedly the intake of oxygen and the output 
of carbon dioxide, while Beichert, Ixpine, and Morel noted that 
adrenal extrads increased the temperature along with the blood- 
pressure. Oliver and Schafer not only demonstrated the latter 
phenomenon, but also the fact that adrenal extracts produced 
dyspnea and could even arrest respiration. This observation 
which was recently confirmed by,Langlois and Garrelon, is 
obviously due to toxic spasm of the respiratory muscles, the pre- 
cursor of the convulsions witnessed. As to the benefit obtained 
with rcmal extracts, they were simply due to the detoxicatory 

Fuchs and Roth; Zeltsch. f. Pathol, u. Ther., B. X, p. 187, 1912. 
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action of the adrenal principle first pointed out by Landois and 
now generally recognized. On the whole, the following cofielu- 
sion seems to me warranted. 

JSo iniermil secretion of tliehidney exists; all effects of renal 
exlracls witnessed are due to the adrenal i)rinclifle the kidney 
normally contains. 

General Conclttsions as to the MKciiAxisAr ov Func- 
tional Activity. — Fending additional evidence the following 
deductions regarding the several organs studied so far ai)pear 
warranted : — 

1. The arterioles of the skeletal muscles and of the lacry- 
mal^ sahvanf, sweat, and mammary y lands receire the terminals 
of two kinds of nerves: a, motor or secreto-niolor fibers sup- 
plied by a cranial nerve; b, constrictor fibers supplied by the 
synipaih et ic system. 

2. The terminals of the cranial nerves cause the arterioles 
of these oryans to dilate and to admit an excess of blood, i.e., of 
oxidiziny substance {adrenoxidase) , into them, thus enhanciny 
their functional act i oil y. 

S. When this exacerhaiion of functional activity is to cease, 
the sym patheiic fibers cause the arterioles to contract until they 
resume their normal caliber. 

Jf^. T'he functions of the kidney are carried on in the same 
way, hut this organ differs from those enumerated above in that 
both its vasodilator and vasoconstrictor nerves are supplied by 
the syrnpaiheiic system. 

Again, the data submitted suggest that the red corj)uscles 
are not distributors of oxygen, but the (farriers of oxidizing 
substance which they supply to the hlood-plasrna. it is this 
plasma which, after traversing the walls of the capillaries — 
leaving behind it the red corpuscles — pencti’at(3s to llie iissu(3s 
and activates their epithelial elements by means of its oxidizing 
substance. 

On the whole, the conclusion seems warranted that 

5. In all the above- mentioned organs the oxidizing sub- 
stance (adrenoxidase) — a combination of adrenal secretion and 
oxygen formed in the lungs and of vdiich the red corjmseJes and 
the blood-plasma are the vehicles — ts the physico-chemical agency 
through which cellular metabolism, is sustained during passive 
functional activity, and increased during active functional 
activity. 
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THE ADEENAL SYSTEM IN THE FUNCTIONS OP 
TILE DIGESTIVE OEGANS. 

THE ADKENOXIDASE AND THE DUAL NERVOUS SUPPLY OF 
THE OROANS OF DEOESTION. 

Tjie oxidizing substance, or aclrenoxidasc, has now boon 
shown to siibsorvo the needs of several sets of organs; we will now 
lind it to assume similar functions in the stomach, liver, heart, 
lungs, etc., notwithstanding the dissimilarity of the functions 
of these organs. Mere, again, the uncomplicated nervous func- 
tions I liave described — all apparently carried on, as far as 
elferent impulses are concerned, through the agency of a motor, 
i,r., vasodilator and a sympathetic vasoconstrictor — suffice, the 
gastric; vasodilator l)eing, howcwer, the pneumogastric or vagus. 

ThK STCrMACUI AND ITS Ih I YSTCO-(hlKMTCAL FUXCTTONS. 

In an able review of the relationship between the nervous 
systcmi and the ])roduction of gasiric sc^cretion TTowelP intro- 
duces the following remarks: ^‘It lias been very difficult to 
obtain direct evidence of the existence of extrinsic secretory 
nerves to the gastric glands. In the hands of most experi- 
menters stimulation of the vagi and of the sympatlu;ti(;s has 
given negative results, and, on the other hand, section of these 
nervexs does not w^chuu to jirevent entiredy the formation of the 
gastric sevretion. There are on iTcord, however, a number of 
ohservations that point to a diivct influence of the (entr^] 
nervous vsystem on the secretion. Thus, Bidder and Schmidt 
found that in a hungry dog with a gastric fistula the mere 
sight of food caused a flow of gastric juice, and Richet reports 
the case of a .man in whom the msophagus was completely oc- 
cluded and in whom a gastric fistula was established by sur- 
gical operation: It was then found that savory foods chewed 

^Howell; "American Text-book of Physiology,” second edition, 1900. 
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in the moulli produced a marked flow of gastric juice. There 
would seem to be no clear way of explaining the secretions in 
these cases except upon the suiipositioii that they were caused 
by a reflex stimulation of the gastric mucous membrane through 
the central nervous system.'^ 

The Gastric j\'crv()us Supply and the Formation of Gastric 
Juice. — When the nervous su])ply of the stoinaoli is clos(*1y 
examined, a rather unusual state of atfairs ])resents itself: i,e., 
it contains no bona fule motor nerves, unless we grant the many 
sympathetic fibers distributed to it motor qualities, or, refusing 
to recognize tlieso, accept Iho vagus as the seeretoi’v nerve. 
But, if we do this, to wliicli nerve must we asei’ihe the afi'enait 
impulses, which the ingestion of various substances iliat ('ause 
nausea and other mani festal ions wliicli clini(*ians so offtm wit- 
ness induces? The svnipalhetic has evervwlicn' sliown itsidf 
as an elTerent nerve, and T have already furnished consider- 
able evidenc(‘ in favor of my view that sympathetic nerves serve 
to constrict the arterioles after these vessels luive hvm dilated 
by vasodilator nerves. We can thus account for the }>licnomena 
witnessed and relegate also to the vagus the role of airerent 
nerve; thus construed, its impulses to the vagal center evokes 
therefrom secretory impulses to the gastric mucosa. 

Howell, continuing the remarks quoted al)ove, says: 
^^Thesc cases arc strongly su 2 )ported by some recent experi- 
mental work on dogs by l^awlow and Scliuinowa-Simanowskaja. 
These observers used dogs in wdiich a gastric fistula liad been 
established, and in whicli, moreover, tlie (csoj)hagus Jiad bciiai 
divided in the m'ck and the upjier and lower cut surfac(*s 
brought to the skin and sutured so as to make two tistulous 
openings. In these animals, therefore, food taken into the 
mouth and subsequently swallowed cscafied to the exterior 
through the upj)er (esophageal fistula without entering the 
stomach. Nevertheless, this Tietitious meal,’ as the authors 
designate it, brought about a secretion of gastric juice. If in 
such animals the two vagi were cut, the ‘^fictitious meal’ no 
longer caused a secretion of the gastric juice, and this fact may 
be considered as showing that the secretion obtained when the 
vagi were intact was due to a reflex stimulation of the stomach 
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through these nerves. In later experiments^ from the same 
laboratory the secretion caused in this way by the act of eating 
is designated as a ‘psychical secretion/ on the assuinption_y for 
which considerable evidence is given, that the reflex must in- 
volve psychical factors, such as the sensations accompanying 
the provocation and gratiflcation of the appetite. In favorable 
cases the fictitious feeding was continued for as long as five to 
six hours, with tlie production of a secretion of about 700 cul)ic 
centimeters of pure gastric juice. Finally, these observers 
were able to show that direct stimidation of the vagi^ under 
projier conditions causes, after a long latent period (four and 
a lialf to ten minutes), a marked secretion of gastric juice. 
The long latent period is attributed to the simultaneous stim- 
ulation of inhibitory fibers.^^ Howell closes his review of this 
subject by the remark: ^‘Taking these results together we 
must believe that the vagi send secretory fibers to the gastric 
glands, and that these fibers may be stimulated reflexly through 
the sensory nerves of the mouth, and probably also by psychical 
states.^^ 

Indeed, Fawlow in collaboration with ]\Iadamc Schumow- 
SimanowskF demonstrated conclusively that the vagus was the 
secretory nerve of the stomach. Idiey obtained no secretion by 
exciting tlie splanchnics, while stimulation of the peripheral 
ends of the cut vagi gave positive results, even twenty-four hours 
after the nerves had be(*n divided. Schneyer'’’ confirmed these 
observations. Stimulation of the vagus in the neck produced 
a secretion cliemically and physiologically similar to gastric 
juice. Stimulation of any portion of the splanchnic failed to 
do so. The experiments of llutherford*^ pointedly suggest the 
stricto-dilator action of the vagus. Having cut lioth vagi during 
digestion he noted that the mucous membrane became paler; 
on stimulating the cut fibers connected with the organ the mem- 
brane became hyperamiic. 


* Pawlow and Schumowa-Slmanowskaja: **DIo Arbeit der Verdauungsdril- 
sen,’’ Wiesbaden, 1898. 

» Ail italics are our own. 

* Pawlow and Schuniow-Simanow'skl: ‘‘The Work of the Digestive Glands,'* 
by Pawlow, St. Potersb., 1897; transl. by W. H. Thompson, 1902. 

® Schneyer: Zclt. f. klin. Med., Bd. xxxll. Nos. 1 and 2, S. 131, 1897. 
•Rutherford: Trans, of Royal Soc. of Edinburgh, vol. xxvl, 1870. 
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The identity of the vagus as tlic gastric secretO'}notor 
nerve being established, another feature of especial interest is 
its power to provoke the muscular contractions it governs. 
Moraf^ observed that the movements of the stomach could be 
arrested reflexly by stimulating the central end of the vagus. 
Kroneckcr and IMoltzer*^ noted a similar j)henomen()n. Wer- 
theimer® reached the same results by stimulating the central end 
of the sciatic. Openchowski,’^® however, obtained direct relaxa- 
tion of the cardiac orifice by stimulating a nerve formed by fila- 
ments derived from both vagi, and overlying this ])art of the 
organ. Langley^^ among other inv(‘stigators, repeated ()])en- 
chowski’s experiments and confirmed his results. After “con- 
necting the oesophagus with a vertical tul)e containing fluid at 
a pressure of 15 to 20 centinuders water ])ressiirc a?ul stimu- 
lating the periplieral end of tlie vagus after eurari and atroj)ine 
had been giveii’^ he writes “the spliineter opens and fluid passes 
into the stomach.^^ He also ascertained experimentally that 
the body of the stomaeli and tlie pylorus r(‘(*(‘ive inhibitory as 
well as motor fibers from tlie vagus.^’ As tlie vagal fibers (jan 
relax tbe gastric orifices when ingesta are to ])ass through them, 
and, in the case of the pylorus, only when they are fit to ])ass, 
we are dealing, in vagal inhibition, with a physiological func- 
tion, whereas sympathetic “inhibition,^^ as we have seen, can 
only be artificial. 

Thus, besides its role as secretory nerve, the vagus also 
governs the stomach’s motor functions, i.e,, its movements and 
contractions during digestion. This dual role is well illustrated 
by the observations of Jtcyiiard and Loyo^- in a de(‘apitat(Ml 
criminal. They stimulated the vagus forty-five minutes after 
the execution and not only obtained the characteristic move- 
ments of the stomach, but numerous drops of gastric jui(*e 
appeared on the gastric mucous membrane. On the ofher liand, 
W. P. May^® showed experimentally that “the splanchnic nerves 


* Moral: Lyon medical, T. xl, p. 289, 1882, 

8 Kroneckcr and Meltzer: Archlv f. Anal. u. Physiol., S. 328, Suppl. 1883. 
® Wertheimer: Archives de physiol, norm, et pathol., p. 379, 1S92. 

18 OpenchowskI : Loc. cit. 

’Ll Langley: Jour, of Physiol., vol, xxiil, p. 407, 1898. 

*8 Reynard and Loye: Comptes-Rendus de la Soc. de biologic, p. 433, 1887. 
18 W. P. May: Jour, of Physiol., June 30, 1904. 
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have no direct influence whatever, either motor or inhibitory 
on the muscular wall of the stomach^’ thus showing that the 
sympathetic was not the stoinach^s motor nerve. 

The sympatlictic system is represented in the stomach as 
if is elsewhere. While Langley^'^ includes both the glands and 
the muscular coat of this organ among the structures supplied 
with a double nerve supply, i.e,, cranial and sympathetic, liuth- 
erfoiTf "^ found that ‘"normal secretion occurred after division 
of the splanchnics.” This points to the correctness of my view 
that in tiie stomach as elsewhere, the sympathetic terminals act 
as vasoconstrictors, since their division must under these cir- 
cumstances produce exactly the etfect noted, the resulting relaxa- 
tion of the gastric arterioles bringing about the condition 
through whi(jh the secretory nerve, the vagus, incites nonnal 
secretion, i.e., vasodilation. 

The arterial disiril)ution also sustains this view. As to 
Auerbach’s plexus, we know that after piercing the external 
serous coat of the stomach its nerves pass between the circular 
and longitudinal muscular layers, where they fonn a close net- 
work strewn with ganglia, the whole constituting the plexus, 
fldie terminal fibers of this plexus arc distributed as is usual 
in muscles: they form in the muscular coat of the stomach 
an m/mmuscular ]flexus irlfich entwines? , as it were, the mus- 
cular fibers. Furthermore, this plexus gives o(T filaments which, 
entering deeper into the wall of the stomach, form another 
plexus, also containing many ganglia: i,c., Meissner’s plexus, 
^riiis net-work of sympatheiic elements — fibers, ganglia, cells, 
etc. — lies in tlie submucous coat, — i,(\, immediately under the 
muscularis mucosa\, which separates the latter from the secre- 
tory glands. Besides the many filaments it distributes to the 
thin submucous liiuscular layer, it gives off a large number that 
penetrate this layer. Tliese, on reaching the glands, form a 
close net-work in the connective-tissue sheath surrounding them, 
which net-work gives off delicate fibrils that enter into the 
glandular elements themselves. They likewise supply terminal 
fibers to tlie neighboring muscular elements and to their vas- 
cular supply. 

Langley: Schafer’s “T. B. of Physiol./' vol. il, pp. 692 and 693, 1900. 

Rutherford : Loc. cit. 
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The blood-vessels of the stomach are distributed in a very 
similar manner. PiersoP^ describes them as follows: -‘The 
larger arteries, after penetrating the outer coats^ divide within 
the snbmncosa into smaller branches, one set of which i)ier(*es 
the muscularis nuicosic, to be distributed to tlie mucous mem- 
brane, while the other enters the nniscular and serous tunics. 
The vessels supplying the mucosa form a rich .snhr/iifhrlld/ 
capillary nct-ivork as ircll as mcsk-irorks sarroinidiny (he (jastric 
glands, the capillaries lying immediately l)eneatli the hasemeut 
membrane in close proximity to the glandular epith(‘lium. 'I'lie 
brandies distributed to the outer layers form loiig-nu'shed 
capillary net-works from which the niuscle-lmmlle and tihrous 
tissue derive their supply/^ A feature lhat retpiires (uu])hasis 
in this connection is tlie manner in which the vessi'ls an' linally 
distributed to the mucous membrane: Tlu‘ small artiuh's or 
arterioles do not themselves ascend l>etwei'n tht' glands, hut 
give olf fine capillaries that do so. ^riu'se, )>y anastomosing 
with one another, form a very rich jilexus which surrounds 
each glandular tubule in a net-work of close hexagonal meslies. 
The cellular secreting elements of the glands being coven'd 
by a delicate hasemeut memhrane, the cai)illari(*s ar(‘ thus ndatc'd 
to the former precisely as we found them to he in the. sw(‘at- 
glands. Indeed, if the intrinsic structures of the stojuacli are 
compared with those of the organs revienved, it soon la'c-onu's 
evident that the mecluinism to which the production of secre- 
tions is due does not differ from them. 

We cannot, however, say the same in ri'spect to tlie ex- 
trinsic vessels and nerves, and to this feature* of the ])i-ocess 
we wish to call especial attention. As is widl known, tin* 
vascular supply of the stomach is made iij) of the gastric, 
pyloric, and right gastro-cpiploie branches of the h(;]>atic artery 
and the left gastro-epiploic and vasa brevia from the splenii'. 
The important feature referred to is this: The gastric, liejiatic, 
and splenic arteries arise from the cadiac axis, and, as shown 
in the earlier chapters, the cwlinc axis is the first great arterial 
trunk to receive the blood, from the lungs: i.e,, befoD* thf* activity 
of the oxidizing substance in the downward blood-stream has 


^•Plersol: “Normal Histology." p. 166, 1900. 
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in any way been reduced. Another very suggestive feature is 
that the mliac axis is surrounded by the coeliac plexus, a 'portion 
of the solar plexus of the sympathetic, and that extensions of the 
coeliac plexus — the gastric, hepatic, pyloric, gastro-duodenal, 
and gastro-epiploic plexuses — ^follow the arteries of the same 
name to the walls of the stomach. We thus have as the co- 
ordinators of gastric function, the two nerves wliich we found 
elsewhere to fulfill similar roles, viz., the vagus, to carry on 
the secretory and motor functions of the stomach, and sym- 
pathetic plexuses and nerve so distributed as to constrict the 
blood-vessels supplied to the organ and to reduce the volume of 
blood circulating in its glands and muscular walls, wdien, after 
the digestive process is ended, the stomach must be restored to 
the passive state. 

Another feature requiring our attention is the formation 
of the gastric secretion. In the blood-plasma we have sodium 
and potassium chlorides; in the secretion of the stomach these 
represent the most important and abundant salts, and consti- 
tute tlie source of the hydrochloric acid in the gastric juice, 
according to prevailing views. Has the oxidizing substance of 
the jdasma any influence u})on the formation of this acid? The 
marked aflinity of chlorine for hydrogen seems able to fill the 
want. It takes it up whether tlie gas be free or in vulnerable 
combination extra corpore; it doubtless does the same in the 
gastric stiTictures. But here conditions are especially well 
adapted for such a reaction, if we analyze the question with 
the aid of thermochemistry. Equal volumes of chlorine and 
hydrogen can only be kept in an absolutely dark place; diffuse 
light causes them to slowly unite, while a bright light — sun- 
light, for instance — brings on such an instantaneous combina- 
tion of the two elementary bodies that the flask containing 
them flies into pieces. The fact that this may also be brought 
on with a n.agnesium light which, as is the case with sunlight, 
is rich in chemical rays, indicates that we are dealing with a 
process in wdiich heat plays a predominant part. Precisely as 
the sun sends radiations which the earth transforms into heat, 
so does it, in the experiment mentioned, send radiations which 
the combined chlorine and hydrogen transform into heat; the 
mixture absorbs the undulations of the ether and transforms 
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them into molecular energy, ix., heat. But a multitude of 
familiar every-day plienomena prove that increased molecular 
energy, or heat, may be procured without light-rays, etc.; the 
mere rubbing of a match against a dry surface will cause it to 
light, for instance. That this occurs witliout in tlie least in- 
volving the need of a chemical body on the substance against 
which the match is rubbed to start the reaction indicates that 
friction causes increased vibratory activity in tlie ingredients 
of the match-tip, and, these only combining when a given tem- 
perature is reached, heat must obviously be accepted as the 
causative factor of tlie process. Xow, a very significant feat- 
ure in connection with the formation of tlie gastric hydrocliloric 
acid is the fact that the combination temperature, when an im~ 
mediate reaction is obtained between chlorine and hydro(jen, is 
SO.tb"^ C. (103.1° F.)y while that of the gastric cavity is about 
3S° C. (100.Ji° F.). The fact that the walls of the stomacli, 
the seat of the blood-flow, must show a higluvr temjierature 
than this (at least 2 degrees, that of the liver being lOd de- 
grees) pointedly suggests that the formation of hydrochloric 
acid only occurs when the stomacli is brought up to the re- 
quired temperature. 

Under these conditions, the formation of liydrochloric acid 
would be as follows: The volume of blood circulating in tlu^ 
gastric mucosa being increased by vasodilation of ils arterioh^s 
under the auspices of the vagus, the oxidizing plasma, by en- 
hancing metabolism, raises the temperature of the stomach at 
least the 1.5° C, required to render the formation of hydrodiloric 
acid possible. 

The acid would be formed when needed: a feature quite 
in accord with experimental data. The paritdal cells of tin* 
glands, which arc the seats of its formation, are only active 
during digestion, and tlien increase in size; they continue in 
this condition as long as the stomach contains food, and then 
return to their normal size. The following lines of HowelFs 
also tend to indicate that my conception of the process may 
be the right one: ^^The chemistry of the production of free 
IICl also remains undetermined. No free acid occurs in the 
blood or the lymph, and it follows, therefore, that it is manu- 
factured in the secreting cells. It is quite evident, too, that 
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the source of the acid is the neutral chlorides of the blood; 
tliese are in some way decomposed, the chlorine uniting with 
hydrogen to form HCl, which is turned out upon tlie free 
surface of the stomach, while the base remains behind and 
probably passes back into the blood/’ 

Closely related with the formation of hydrochloric acid is 
that of pepsin. Landois/" for example, writes: ^‘The glands 
themselves contain no pepsin, but only a zymogen, namely, the 
l)ei)sinogenic substance or propepsin, which occurs in the gran- 
ules of tlje cliief cells. The zymogen, of itself, exerts no influ- 
ence upon p rote ids. If, iiowever, it be treated with hydro- 
chloric ficid or sodium chloride, it is transformed into pepsin.” 
The liydrochloric acid is formed b}^ the parietal or oxyntic cells 
ill the cardiac portion of the stomach, wliile pepsin is produced 
in tlie peptic cells wliich occur both in the cardiac and pyloric 
regions. The mutual influence of these products brings in 
otluu* factors, however, which arc reviewed at length in the 
second volume. 

For tlie present, it may be said that my views as to the 
mode of action of the vagus and sympathetic nerves upon the 
cardiac arterioles elucidates several obscure points. Thus, the 
fact that the secretion of the gastric Juice continues after divi- 
sion of the gastric nerves is explained by the passive dilation 
of the arterioles and the admission of an excess of arterial blood 
to the secreting elements. This leaves to the vagus alone the 
function of secretory nerve (in accord with Pawlow’s teach- 
ings) since it is a vasodilator. The sympathetic has no function 
other than to rivstore the arterioles to their normal caliber after 
the digestive process ceases. On the whole, the functions of 
the stomach, in the light of my views, are carried on as fol- 
lows : — 

During the phase of gastric inactivity, the arterioles 
disirihuted to the mucosa and muscles of the stomach are con- 
stricted sufficiently under impulses received through their sym- 
pathetic nerves, to admit only sufficient blood into the secretory 
and museular elements to insure their nutrition and the forma- 
tion of the substances necessary for the digestive process, viz.. 


^^Landols: “Text-book of Physiol.,” tenth American edition, p. 293, 1905. 
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pepsinogen in tho peptic celts, ligdrochloric acid in the parietal 
cells and inyosinogen in the rnnsiadar fibers. 

2, ^Yhen digestion is to begin the arterioles are dilated bif 
terminals of the vagns, and an ej'cess of arterial blaad beimj 
thus caused to cirruloie in the jieptie, parietal, and nniseidar 
cells, gastric juice is formed and secreted, and muscular mare- 
rnxnts of the gastric watts are incited. 

S. ^Yhen the digestive process is to cease the arleriides are 
restored, to their normal caliber hg vasoconst riclar fibers of the 
sympathetic nerve, and the stomach resumes the jmssive stale 
described in the first conclusion. 

Jf. The oxidizing substance (adrenoxidase) which circutates 
With the blood-plasma in the cellular elements, secretory and 
mvscnlar , sustains the functional activitif of alt these cell a tar 
elements, both during the resting stage and during digestion. 

Intestines, — The innervation of the inteHtines (‘ori’C’sponds 
with that of the stomach. We find tlie same si'cndo-motor iwvxa 
the vagus, and, as constrictor of the artorioh's, (lie sympathetic. 
TTowelP^ refers to tlie extrinsic nerves of tlie intestines as fol- 
Jowa: in the case of the stomach, tlie small intestine and 

the greater part of the large receive viscero-rnotor mnwe-filiers 
from the vagi and the sympathetic chain. I^lie former, accord- 
ing to most observers, when artificially stimulated cause move- 
ments of the intestines, and are, therefore, regarded as tlie motor 
fibers/^ 

Among the earlier writers to observe that this applied both 
to the stomach and intestines were Tiemak,''*^ Weber, rniig(‘r, 
Budge and v. Braam TTonckgeest, Ludwig and Kupffer,^® and 
Engelmann.^^ This was confirmed by the more recent experi- 
ments of Bechterew and Mislaw'ski,-^ Jacobi, Morat,^'* and 
Pohl.2® Pinciis and Panum both found that the intestinal move- 
ments persisted after section of both vagi, however, a feature 
which indicates that an inherent contractile power exists in the 

Howell: “Amer. T. B. of Physiol./* p. 384. 

Remak : Mhller^s Archiv, 1858. 

Ludwig and KupfPer: Zeit. f. ration. Med., Bd, 11, S. Ss)?, 18 j8. 

Englemann : Archiv f. d. ges. Physiol., Bd. Iv, 1871- . o ■ 

22 Bechterew and Mislawskl: Archiv f. Physiol., Suppl. Band, S. . 

2* Jacobi: Archiv f. exp. Pathol., Bd, xxlx, S. 171, 1891. 

2* Morat: Archives de physiol, norm, et pathol., T. v, p. 142, low. 

» Pohl; Archiv f. exper. Pathol., Bd. xxxlv, S. 87, 1894. 
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intestines as well as in the stomach. Bunch/*^ Courtade and 
Gviyon,^'^ contend that contraction of the circular coat was never 
obtained by them by stimulating either nerve. But Cash^*’ 
noted that waves of constriction passed down the intestine when 
substances were placed in it after the splanchnic nerves had 
been cut — evidence tliat the remaining nerve contained both 
sensory and motor fibers. Starling empliasizes this by the state- 
ment that ^Hrue peristaltic contraction is a coordinated reflex, 
carried out by the local nervous centers in the walls of the gut. 
He also points to various disturbing factors am] to tlie means 
calculated to obviate them, ^^f these precautions are observed/’ 
he writes, ^^stimulation of the vagus in the neck, after paralysis 
of the cardio-inhibitory fibers by means of atropin, will always 
produce an effect upon the intestinal movements.” Hallion and 
Frangois-Franck^*’ observing the same precautions, noted that 
stimulation of the peripheral end of the cut vagus caused 
marked vasodilation in the intestine. This proves the stricto- 
dilator properties of this nerve. 

An inhibitory action of the vagus is also generally recog- 
nized. Pfitiger, according to Bunch, ^^saw sometimes an in- 
crease, sometimes a diminution of the intestinal movements on 
vagus stimulation.” Bochterew and Mislawski concluded that 
while the vagus contained both motor and inhibitor nerves, the 
former predominat(‘d. Starling gives tracings in support of 
this view, and also states that ^The vagus contains two sets of 
fibers to the muscular coat of the intestine,” one set inhibiting, 
the other augmentor or motor. Bunch also states that ^Thc 
vagi contain botli augmentor and inhibitory fibers for the mus- 
cular coat of the intestine.” 

The sympathetic fulfills in this connection the same func- 
tion that we found it to fulfill in other organs. ^^The fibers 
from the sympathetic chain, on the other hand,” as stated by 
Howell,®® ^^givc mainly an inhibitory effect when stimulated.” 
We have seen that this is due to an exaggerated contraction of 

^ Bunch: Jour, of Physiol., vol. xxll, p. 25, 1898. 

^ Courtado and Guyon: Archives de physloi. norm, et pathol., 1897. 

^Cash: Proceedings Roy. Soc. of London, vol. xl, p. 469, 1886; vol. xll, 
p. 213, 1886. 

Hallion and Frangols-Franck: Archives de physiol, norm, et path., T. 
Vlil, p. 502, 1896. 

Howell; T. B. of Physiol., second edition, p. 669, 1907. 
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the arterioles by the sympathetic teniiinals — proof that the 
latter act as vasoconstrictors. Bricll}'^ as elsewhere, fuiietioii is 
incited by vasodilation, and arrested by vasoconstriction. 

The kinship with the stomach applies also to the intestinal 
secretory organs. This is empliasizi'd by the following lines of 
Piersol^s: 'The llood-vessels supplying the intestines follow the 
general arrangement of tliose of the stomach. Thv. larger ves- 
sels pierce the serous and muscular coats, giving oil' shanlm* 
twigs to supply the tissues of the tunics; u])on reaching the 
siibmucosa the vessels form a wide-ineshed net-work. Numer- 
ous branches tlien pass through the nuiscnlaris niucosa\ to bt‘ 
distributed to the deeper as avcII as to the nnire sujierncial 
parts of the mucosa; narrow cafnllnrirs form net-works wliich 
surround the tubular (jlands, while beneath the (‘j)ithelium wider 
capillaries encircle the mouths of the follicles. From this 
superficial capillary net-work tlie veins arise? and, jiassing l)e- 
tween the follicles, join the deeper venous plexus, udiich, in 
turn, empties into the larger vein of tin* suhmucosa. In those 
parts of the intestine where villi exist special additional arteries 
pass directly to the bases of the villi, when they exjiand into 
capillary net-works, which run beneath the (‘pithelium and 
around the central lacteal as far as the ends of the villi. ^IMiese 
capillaries terminate in venous stems, which descend almost 
perpendicularly into the mucosa, in their course* receiving the 
superficial capillaries encircling the glandular duels. Brun- 
iiePs glands and the solitary and agminaied follicles an* suj)- 
plied from the submucosa by vessels which terminate in cajiil- 
lary net-works distributed to the acini of the glands and to the 
interior of the lymph-follicles.^^ . . . '‘The nc‘rves distrib- 

uted to the intestines are arranged Jilmost identically to those 
of the stomach; they arc composed largely of non-inedullated 
fibers, derived from the trunks which pass within the mesen- 
tery from the larger abdominal sympathetic plexuses. Alter 
giving off branches to the serous coat, the nerves pierce the 
longitudinal muscular tunic to form the rich intramuscular 
plexus of Auerbach. This is composed of a rich net-work of 
delicate, pale fibers, at the nodal points of which microscopical 
ganglia exist; after supplying the longitudinal and outer part 
of the circular muscular coats the fibers obliquely pierce the 
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latter tunic to gain the submucous tissue, where they form the 
plexus of Meissner, which closely resembles Auerbach’s nervous 
net-work witliin the muscularis, possessing, however, smaller 
ganglia and somewhat closed meshes. From the plexus of the 
submucous tunic fibers pass into the mucosa, to form net-works 
about the glands and to send fibrilla} into the villi.^^ 

In analyzing tlie functions of the intestinal tract it is im- 
portant to note that two distinct sets of active structures are 
present: (1) the svending glands of Liiiberkiihn and of Brun- 
ner; (2) the villi of the agminated lymph-follicles (PeyeFs 
patches) and the solitary lymph-follicles. 

Secreting Glands. — 1’he glands, or crypts, of Lieberkuhn, 
found in close array throughout tlie entire length of the intes- 
tine, including the colon, are present only in the upper, or 
mucous, layer. They are simple in construction and recall the 
sweat-glands, minus the coils and muscles: i.e., a net-work of 
capillaries and probably nerve-fibrils overlying a delicate base- 
ment-membrane which in turn surrounds a single layer of 
columnar e{)ithelial cells. These cells radiate toward a com- 
mon center and thus form a minute tube which opens upon the 
mucous membi’ane between the villi. Their functional mech- 
anism is doubtless that of all simple tubular glands. 

How('ll refers to the crypts of Lieberkiihn as follows: 
^^These structures resemble the gastric glands in general ap- 
pearance, but not in the character of the epithelium. The 
ej)ithelium lining the crypts is of two varieties: the goblet 
cells, whose function is to form mucus, and columnar cells with 
a characteristic striated border. . . . Whether or not the 

crypts form a definite secretion has been much debated. Phys- 
iologists are accustomed to speak of an intestinal juice, ^succus. 
entericus,^ as being formed by the glands of Lieberkiihn; but 
practically nothing is known as to the mechanism of the secre- 
tion.^' We have seen that nerve-filaments are distributed to 
the secreting cells of the intestines, as stated by Piersol. The 
functional needs of these structures seem, therefore, to be satis- 
fied. IMiat they secrete mucus seems evident if their histolog- 
ical attributes can be taken as guide. As we pointed out in this 
work in 1908, however, the intestinal secretion serves also to 
protect the body against infection through foods. 
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Inteistinal -Immunizing Injunctions. — Tho giistric juice 
is not only concerned with digestion, but it is likewise a powcu-l'ul 
antiseptic. Howell refers to this property in the following 
words: ^^One of the interesting facts about this se(*retion is 
the way in wliich it witlistands putrefaction, it may be kept 
for a long time, ior months even, without becoming jmtrid and 
with very little change, if any, in its digestive action or in its 
total acidity. This fac^t sliows tliat the juice ])()ss(‘ss(*s anti- 
septic properties, and it is usually sn])posc(l tliat tlie ])res(?nc(* 
of the free acid accounts for this (piality.'’ This might serve 
as evidence that beyond the pylorus further ])roieetion of this 
sort is unnecessary; but greater is the (*are witli which Nature 
protects her organic creations. iN^very structural cell in any way 
exposed seems to bo surrounded not only with ])rophyla(t ic 
weapons, but also witli second and even third lines of defense 
to cope with what the first lino may have failed to disarm, 
liernoval of the stomach in animals has beevn followed with 
return to normal health; it seems plausible that the intestinal 
tract should also be supplied witli means for tlie protection of 
its organs. 

The material formed in tlie living crypt of Liiherkiihn 
first presents the form of granules, then bcc-omes transformed 
into a transparent substance which accumulates in the sjiaces 
of the cell-substance. ^Jhis cither constitutes the mucin found 
in the secretion or represents an antec(Hlent of tliis material. 
The secretion proper is clear, viscid, yellowish, and alkaline. 
That it may possess antiseptic properties is suggested by tlu‘ 
fact that a very similar fluid, — i.e., nasal ^hnucus/^ — tlianks to 
the labors of St. Clair Thomson and Hewlett,^’ has Iumti found 
to prove bactericidal. Page^^ experimentally ascertained that 
nasal ^^mucus” killed anthrax bacilli, that Klihs-I^iilller ba- 
cilli were almost actively destroyed by it, and that the viru- 
lence of staphylococci and streptococci was redu(‘ed. Nasal 
^^mucus/^ however, is largely made up of serum: a feature 
whicli also applies to the secretion of tlie glands of Ijieherkuljii. 

Bruimer^s glands, winch occur in the duodiaium, at the 

«iSt. ClalP Thomson and Hewlett: Medico-Chirurgical Transactions, vol. 
Ixxvlli. 

“ Paget: Journal of Laryngology. Nov.. 1896. 
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portal of the intestinal canal, would seem to suggest, by their 
situation and their general conformation, just such a function. 
While they resemble in general structure the pyloric glands, 
to which most authors compare them, they also present many 
characteristics of tlie mammary lobules, especially in the man- 
ner in which their interlobular ducts are disposed. The gland 
proper is situated beneath the smaller crypts just described, — 
i.r,, in the submucous tissues, — its ducts penetrating to tlie 
surface between the villi or into the crypts of Lieberkiihn : an 
indication tliat there is considerable analogy between their 
products. Indeed, their secretion is also serous: i.c., blood- 
plasma relieved of its fibrin, globulins, etc. 

The S(!cretion of these two glands is termed ^^intestinal 
juice,^’ or ‘^succiis entericus,^’ and is regarded by many as 
ca{)able of acting on starch, proteids, fats, etc., in connection 
with intestinal digestion: all properties which could not con- 
trovert any antiseptic power it might povssess through the pres- 
ence of oxidizing sul)stance and alexins. Professor Foster, 
however, referring to this supposed action on foods, says: “Even 
at its best its actions are slow and feeble. Moreover, many ob- 
servers have obtained negative results; so that the various state- 
ments are conflicting.’’ And he adds: “We may, therefore, 
conclude that at present, at all events, we have no satisfactory 
reasons for supposing that the actual digestion of food in the 
intestine is, to any great extent, aided by such a juice.” We 
will see in the second volume, however, that such is the case. 

These two glands are the only ones forming part of the 
intestinal tissues per se to which the protective functions re- 
ferred to could be ascribed. Hence, the facts that they both 
produce a secretion so nearly identical to blood-plasma as to 
be called “sei'ous,” — for the glands of Lieberkuhn are the 
source of serous diarrhma, and the rice-water discharges of 
Asiatic cholera. Moreover, the recognized fact that blood- 
plasma is the normal excipient for chemical protective agencies, 
suggests, as a working proposition, that the glands of lAeher- 
hiihn and the duodenal glatids of Brunner supply a secretion 
having for Us ohject to asepticize, and prevent the putrefaction 
of, the intestinal contents, besides talcing part in the digestive 
process. 
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The presence of a bactericidal fluid in fhc intestinal canal, 
at least along its walls, is suggesti'd by various facts. 

It is now generally recognized that tlie nursing infant 
receives through its mother certain substances which increase 
the bactericidal power of its blood-serum. Thus while Schmid 
and Pflanz^^ found experimentally that the antitoxic substances 
in the blood of parturient women exist also in the milk, h"igari=‘'''‘ 
also noted that calves and young goals are not oidy I'apabU? of 
absorbing agglutinins and antitoxins with flu* milk of in\mu- 
nized mothers, but that rabbits immunized by the administration 
of immunized milk taken by the mouth, are capable of trans- 
mitting to their young both agglutinins and antitoxins. ^Flns 
suggests that apart from the stomach general immunity may be 
(‘onferred by fluids ahsorbo<l from the intestinal canal. This 
accounts for the fact that nursing l)al)ies are able to withstand 
more efi'ectually than bottle babii's both local and gtmeral infec- 
tions. As will be shown elsewhere in this volume, the adrt*na! 
mechanism is not developed in the nursling sullicienlly to ])ro- 
tect the child against infection, and Nature insures, through 
the mother’s milk, not only the child’s nulrition, ])ul its pro- 
tection. Welch, in his Harvey TiCcture, said: ‘Ht is an impor- 
tant function of the mother to transfer to the suckling through 
her milk immunizing bodies, and the infant’s stomach has the 
capacity, which is afterward lost, of absorbing th<‘st‘ suhstanc(*s 
in active state. The relative richness of the suckling’s l)lood in 
protective antibodies, as contrasted with artificially-fed infant, 
explains the greater freedom of tlie former from infeed ions dis- 
eases.^^ 

The importance of this fact in practice, cannot ])e over- 
estimated. ^^Among those who believe in the oinnif>otcnc(? of 
chemical formulae,” wrote Jacobi, recently, *^there prevails the 
opinion that a baby deprived of mother’s milk may just as 
readily be brought up on eows^ milk; that is easily disproved. 
In Berlin they found that among the eows’ milk-fed babies 
under a year, the mortality was six times as great as among 
breast-fed infimts. Onr own great cities gave us similar, or 
slightly smaller, proportions, until the exe^essive mortality of 

“ Schmid and Pflanz: Wiener klin. Woch., No. 42, 1896. 

Flgarl: Riforma Medica, April 8, 1905. 
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the very young was somewhat reduced by the care bestowed on 
the milk introduced into both our palaces and tenements. Milk 
was examined for bacteria, cleanliness and chemical reaction. 
It was sterilized, Pasteurized, modified, cooled, but no cow^s 
milk was ever under the laws of Nature changed into human 
milk; and with better milk than the City of New York ever 
had, its infant mortality was greater this summer (19D4) than 
it has been in many years. That hundreds of thousands of the 
newly-born and small infants perish every year on account of 
the absence of their natural food, is a fact which is known 
and which should not exist.^^ Winters states that ^^during the 
siege of Paris (1870-71), while the general mortality was 
doubled, that of infants was lowered 40 per cent, owing to 
mothers being driven to suckle their infants 

This shows tluit the alimentary canal may be the seat of 
an immunizing process, and suggests that if the intestinal 
secretion of adult animals is bactericidal, the intestinal im- 
munizing process must prevail at all ages. That the intestinal 
secretion are endowed with immunizing properties is suggested 
by various facts. Pawlow found that the succus entericus in- 
creased strikingly the proteolytic activity of the pancreatic ter- 
ments — sometimes to an astonishing degree. When we con- 
sider that Metchnikoff’s ^^cytase,^^ the substance which enables 
phagocytes to digest bacteria, is mainly a pancreatic ferment, 
trypsin, it is self-evident that the same ferment should like- 
wise digest bacteria in tlie intestine and thus protect the body 
at large. This is further suggested by the fact that Wender 
found that milk contained a ferment to which he refers as 
^^galactase or trypsin,’^ an observation confirmed by several in- 
vestigators. The intestinal secretion can thus replace milk — 
obviously with greater activity — as an immunizing agent, since 
both fiuids contain the same proteolytic and therefore bacteri- 
cidal agents. We will see in the second volume that all the 
agents concenied in the immunizing process arc present in the 
intestinal secretion, as well as in milk. 

That the bacteriolylic process occurs upon the surface of 
the intestinal mucous membrane is rendered probable by the 
fact that, as stated by Howell, ^^extracts of the walls of the 
small intestine or the juice squeezed from these walls have been 
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found to contain four or five diiTcrent enzytiies, and to oxert a 
most important action upon intestinal digestion. Whether these 
enzymes are actually secreted into the lumen of the intestine/^ 
continues the author, “is not satisfactorily shown, but since 
they are contained in the intestinal wall, we must regard them 
as secretory products and consider them as the im])ortant ajid 
characteristic feature of the intestinal secretion.” 

The most direct evidence, however, is that furnished by 
Charrin and Levaditi, Zareml)a, and others, wlio sliowed that 
the pancreatic juice could digest bacteria and tluur toxins. The 
investigations of Bordet, JMetchnikolf, lOhrlich and AlorgcJiroth 
having demonstrated that the distinction of bacteria in |>hag()- 
cytes was due to the presence in these cells of the c*orres])onding 
pancreatic ferment, trypsin, it is diflicult to c'oiu'cive how, in 
accord with the yu’cvailing views on the subj(‘ct, intestinal bac- 
teria, especially those ingested witli foods, can esca[)e digestion, 
along with the food -stuffs. 

It is now believed that intestinal bjicteria are necessary in 
the intestinal digestive jjrocess; but as Noel Patou (1905) 
states: “By taking embryo guinea-pigs at full time from the 
uterus and kce})ing tli(‘m with aseptic precautions, it has been 
shown tliat the absence of micro-organisms from the intestine 
does not interfere with digestion.” 

For reasons that will be submitted in the second volume, 
the intestinal immunizing process is carried on mainly, as far 
as liquids are concerned, by a recently discoven^d ferment (a 
compound containing trypsin and the oxidizing substance, as 
I will show) uhich has been found to act more vigorously than 
trypsin, and termed “erepsin” by (’ohnheim. It splits peptones 
and many other proteids into tlieir component bodies, particu- 
larly the di-amido and non-amido acids leucin and tyrosin. It 
is thought to supplement the proteolysis begun by tlie trypsin. 
As bacteria are proteids, it follows that they are digested — and 
thus destroyed as living organisms — as well as the other pro- 
tcids. Hence the intestinal immiiniziiig j)rocess urged by myself 
in this work in 1903. 

Pending additional testimony I may submit as a working 
proposition, the conclusion that intestinal digestion of proteids 
includes that of, living proteids, viz,, bacteria and that this 
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bacteriolysis represents a function through which general infec- 
tion is prevented, i,e., an immunizing process, 

VilLi and Lymph-follicles. — The process of absorption, as 
now conceived by physiologists, is concisely described by Howell 
in the second edition of his text-book (p. ’733) : ^^Absorption 
takes place very readily in the small intestine. The general 
correctness of tliis statement may be sliown by the use of isolated 
loops of the intestine. Salt solutions of varying strengths or 
even blood-sennn neai’ly identical in composition with the ani- 
mals’ own blood, may be absorbed completely from these loops. 
Examination of the contents of the intestine in the duodenum 
and at the ileocecal valve shows that the products formed in 
digestion have largely disappeared in traversing this distance. 
All the information that we possess indi(‘ates, in fact, that the 
mucous membrane of the small intestine absorbs readily, and 
it is one of the problems of this part of physiology to explain 
[be means by which this al)sorption is elTccted. Anatomically 
two paths arc open to the products absorbed. They may enter 
the blood directly by passing into the capillaries of the villi, 
or they may enter the lacteals of the villi, pass into the lymph 
cinadation and through the thoracic duct of the lymphatic sys- 
tem eventually reach the blood vaseidar system. The older 
physiologists assumed that absorption takes place ex(‘lusively 
through the central lacteals of the villi, and hence these vessels 
w(‘re described as absorbents, AVe now know that the digested 
and resynthesized fats are absorbed by way of the lacteals, but 
that the other products of digestion are absorbed mainly through 
the blood-v(iSsels, and thei’efore enter the portal system and pass 
through the liver before reaching the general circulation. Ac- 
cording to observations made upon a patient with a fistula at 
the end of the small intestine | Macfadyen, Nencki, and Sieber], 
food begins to pass into the large intestine in from two to five 
and a quarter hours after eating, and it requires from nine to 
twenty-three hours before the last of a meal has passed the ileo- 
cecal valve; this estimate includes, of course, the time in the 
stomacli. During this passage absorption of the digested prod- 
ucts takes place nearly completely. In the fistula case referred 
to above, it was found that 8r5 per cent, of the protein had dis- 
appeared, and similar facts are known regarding the other food- 
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stuffs. . . . ^‘Thc energy tliat eontrols iil)sorj)tion reciiles, 

tlierefore, in tlic wall of (ho intestine, presumably in tb.e epi- 
thelial cells, and constitutes a special form ol* imbibition which 
is not yet understood.'’ 

Various facts tend also to suggest that the intestine is the 
seat of a protective process, where bacteria ami ])ois()ns of all 
kinds are most likely to penetrate the blood-strt'a.m : /.e., the 
organs of the intestinal wall connected with absorption. 

Viewed from my standjioint the (piestion embodies featuri'S 
which seem to me to have been ovei'looked, but whicdi re(jiiii‘e 
a review of the functions of each organ involved in the ])rocess 
studied, especially the villi and lymph-follicles. Tlie villi, the 
solitary lyjnph-follicles, and the agminated lympli-follicl(‘s, or 
Tcycr’s patches, are considered together, because thew aj)|H‘ar 
to represent })arts of a single system. 

The structural similarity between the walls of the stomach 
and those of ilie int(*stine must be* set aside hens sinc'c' th(‘ 
function referred to, — absorption, — a predominating one 
in connection with the intestines, can hardly be said to la* 
worth considering as a factor of gastric functions. (^)nvc‘rsely, 
tlie villi distributed throughout the wlioh* small intc*stin(* are 
especially adapted for this purpose. Besides the capillaries, 
nerves, muscular tissue, basement membrane, and (‘pitluhum, 
these structures contain a lymph-trunk, or lacti'al, the* purpose* 
of which is to take up nutritional agencies from the intestinal 
contents as they pass along. 

Each villus may he considered as a sort of ^‘reven-sed’^ 
gland, if a sweat-gland is taken as standard. The? (*pithelium 
is outside — exposed in the intestinal canal, — while* under 
the epithelium lies the basement membrane. (Vanbineeh the*se 
two constitute a glove-fingcr-like projection inside of whieli 
are the structures that wc found over the basement membrane 
in the sweat-gland. The capillaries form a e le)sc-ineshed n(*t- 
work not only in contact with the inside (>f the hasement 
membrane, but entwined with considerable eomH*etive tissue 
strewn with leucocytes, the tissue and cells constituting ^‘lym- 
phoid tissues.” I said “connective tissue,” but at this })oini 
we must emphasize the fact that it is not true connective tissue, 
as met with elsewhere, but a fenestrated membrane made up 
entirely of star-like cells that give off thin projections, or 
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pseudopodia, which by intermixing make up the tissue itself : 
i.G,, Kdlliker^s cyiogenotis iisme. The fenestra, or openings, 
with wliich this (*ytogenous membrane is permeated accommo- 
date the capillaries. 

Another histological feature of special interest is the 
])resence of smooth muscular libers which stand upriglit — a few 
being horizontally disposed — anti are interwoven among the 
capillaries and coll-flliers previously referred to. We thus liave 
immediately under the villus’s delicate basement membrane a 
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perfec‘t, thougli minute, suction-pump which by alternately 
contracting and relaxing causes the organ to absorb the pre- 
viously asepticized intestinal fluids. 

Next in order inwardly are the venous stems (one or two) 
which carry the blood from the villous capillaries to the veins 
in the deeper tissues, '^fhese vascular channels, Avhich carry 
the bulk of intestinal foodstufl’s to veins which ultimately end 
in the ])ortal system, are well shown in the annexed cut, and 
will again be referred to. 

Last of all, in the middle of the organ, is the lacteal, — a 
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thick, club-iiko, somotitnes (loiiblc, lyiiipliatie vessel, winch 
stands ujiright and reaches almost to the inside of the tip of 
the villus, its own blind apex almost touching tlu- former. 
Each lacteal rojirosents -the origin of a lymj)hatic vessel. 'I'his 
is illustrated in the second lignro* 

Tjynipli contains chyle — derived Iroin the iutestiiies*' — oiilv 
during intestinal digestion. At oilier tinu^s the iluid found 
in the lacteal and neighboring strucluj*es is identical to that 
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found elsewhere in the organism. It is perhaps advi.sal)le to 
emphasize the fact that lymph is very similar to hlood-plasma, 
and richer than this fluid, owing to tlie presence of lencocytes. 
Indeed, it only differs from blood in the absence* of r(‘e! cor- 
puscles. It undergoes coagulation and separates, as does 
plasma, into serum and clot, the latter likewise containing 
fibrin-globulins. It co*^tains serum-globulin and sernm-albu- 
min in relative proportions similar to those in blood, tboiigb 
in smaller quantity : a feature which accounts for its somewhat 


318 TUB ADRENAL SYSTEM AND THE DIGESTIVE ORGANS. 

lower specific gravity. Inorganic salts, the chlorides prepon- 
derating, also correspond to those of ilie j)lasina. Ihdng a 
veliicle for various substances, its constituents arc variable 
(piantities, and the conflicting analyses published are thus ac- 
counted for. Stewart says, in this connection: “Ly.mph has 
been defined as blood without its red corpuscles (Johannes 
Mliller) ; it is, in fact, a dilute blood- jfl asm a, containing leu- 
cocytes, some of whicli (lymphocytes) are common to lymph 
and blood, otliers (coarsely granular baso])hile cells) are absent 
from the blood, d'lie reason for this similarity apjiears when 
it is recognized that the plasma of lymph is derived from the 
plasma of blood by a process of physiological filtration (or 
osmosis) through the walls of the cajiillaries into the l^onpli- 
spaccs that everywhere occupy the interstices of areolar tissue. 
But, in addition to the (constituents of the jilasma, lymph ap- 
pears to contain certain toxic substan(K?s produced in the me- 
tabolism of the tissues and destroyed in the lymphatic glands.^^ 
it now seems probable that the intestinal tract, being one 
of the two regions most exposed to toxics, the villi not only 
have for their function to absorb chyle, but to protect the or- 
ganism. The lacteal is the rocogniz(?d absorption organ for 
emulsilied fats. As 1 view the pro(*ess involved, the fat-con- 
taining fluids, as soon as they reach the basement membrane, 
are first submitted to the asepticizing influence of its endo- 
thelial ccdls. They are then submitted to the next process of 
epuration, and probably chemically transformed in the lym- 
phoid layer — Kiil liker’s (*ytogeiious layer — immediately be- 
lu^aih, in wh.ich leuco(‘yt(»s, and, thereforii, antitoxic substances, 
are coristantly hehuj fanned. When it finally reaches the lacteal, 
it again nu»ets endothelial walls, and when through these and 
in the lacteal, must run tlie gaunilet of an a(*cumulated array 
of fresh leucocytes from the evtogenous layer. The chyle, 
therefore, is met as soon as it imters the organism by all the 
latter’s protective resouiws: phagocytes, stellate or connective- 
tissue cells, end(flhelial c*ells, and finally the oxidizing sub- 
stance, the latter probably serving here to convert })roduct8 of 
local metabolism and other toxic materkils into inert bodies. 

The villi, whicfli thus absorb all nutrient substances as- 
similated by the organism whetlier by their venous stems or 
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thoir lacteals, are tlii(*kly distributed tlirou^liout the oiltire 
length of the small intestine. In tlie diiotlemuii and jejunum 
they doubtless fully satisfy tlie needs of tlie organism, botli 
as to absorption and j)ropliylaxis. in tlie lower i)art of tlie 
intestinal eanal^ however, more proteetion is recjuired, owing 
perhaps to continued exposure of the eontiMits to a relaiivelv 
high temperature during the time elapsed since this material 
has been submitted to powerful antise])lie tr(‘alnient in ihe 
stomach: i.c., several Ifour* to a day, according to tlu^ meal. 
A morning movement of the bowels, for instance, includes 
products of the breakfast of the jireceding day, thus rejire- 
senting twxmty-four hours of exposure in the intt‘stine to a 
temperature averaging (h (102.2° F.). This additional 
precaution is represented by the solitary lymph-follicdes ami 
the agniinated lymph-f oil ides, or F(‘ver's jiatc'lu'S. While the 
solitary lymph-follicles are found throughout the entire canal, 
small and large, they are by far most nimu‘rous in the lower 
part of the ileum and in the first ])art of the colon. Fever’s 
patches, or the agimnuted follicles, are likewise found in the 
duodenum and jejunum, though rarely in the former; but tlieir 
site of predilection is also in the ileum, and, inasmuch as tlu‘y 
vary from one-half inch to four inches in hmgth and are oval 
or round, they cover an extensive area, though only twiaity 
to thirty in number. Especially is this the (?ase since they are 
practically limited to one side of the intestine: i.e., to the 
portion facing the latter’s attachment to the mesenl(*rv. 1'hey 
also frequently form a continuous layer in the verniiform ap- 
pendix. 

A single ^^solitary follicle” is typical of them all, includ- 
ing those in Fever’s j)atc))cs. A follicle consists, on the whole, 
of a rounded mass lodged in the sid)mucous tissue, a small ])art 
of its upper portion appearing upon the free surface of the 
latter, though the epithelium of the intestine also covers it. 
The overlying layer of epithelium, liowcver, is separated from 
the follicle by a special delicate membrane perforah?d witli a 
multitude of lioles tliat surround its projecting portion and 
communicate with tlie organ itself. 

The structure of the body of the follicle will perliaps bo 
best understood if it is divided into three dillereiit parts, be- 
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ginning from the inner portion of the organ. A fine net- 
work of capillary blood-vessels which acts as a supporting 
fabric, furnished by underlying arterioles, is the central feat- 
ure; this, in turn, is surrounded with a close net-work of 
fibrils, in which “lymph-corpuscles, small round cells, with a 
large nucleus and very little perinuclear protoplasm’^ so com- 
pletely preponderate as to almost entirely obscure the net- 
work.’*’*^ But thej’c is a feature of special interest here which 
wdll remind us ol* the cell-forming menibrane of Ivdlliker found 
in villi: i,e., a central nodule, described by Flemming, in which 
some cells undergo active karyokinetic division, wliile others, 
lymphocytes, are forjiicd in continuous quantities. “Jn the 
center of the nodule/’ say Bdhni and von Davidoft/'’^*^ the cells 
often show numerous mitoses, and it is here that an active 
proliferation of the cells takes place. The cells may either 
remain in the lymph -follicle or the newly-formed cells are 
pushed to the periphery of the nodule and are then swept into 
the circulation by the slow lyinpli-current which circulates be- 
tween the wide meshes of tlie reticular connective tissue.” The 
third portion is the interval referred to, a delicately partitioned 
sinus which surrounds the follicle. To this sinus the lymph, 
originally from the blood-capillaries, after it has permeated 
the meshes and cell-spaces of the adenoid tissue and became 
charged with the newly (;reated cells, gravitates, finally to find 
its way into the lymph-vessels of the submucous tissues be- 
neath. 

The physiological functions of tlie follicle seem plain when 
we consider two salient features of its anatomical relations 
with the mucous surface of the intestine and with the villi. 
As to the relationship between the interior of the follicle and 
the intestinal canal, it is suggested by the perforations to which 
we have previously referred, but there seems to be no mech- 
anism to insure absorption. The case is not the same, however, 
in respect to the connection with the villi. Indeed, the lym- 
phatic vessels which originate from the lacteals of the latter 
ike afferent supply of the sinus, while the lymphatic 
vt*ssels of tlie submucous tissue represent its efferent system. 


***» Clarkson : “Histology,” 1896. 
Bohm and von Davidoff: Loc. cit. 
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It is very evident, therefore, that we have, in each follicle, a 
powerful adjunct to the overlying villi, to add still another 
prophylactic means to those already enumerated. While the 
villi do not occur upon the portion of the follicle that projects 
into the intestinal free surface, they are nevertlieless present 
around it, and their lacteals when below the level of tlie (epithe- 
lium break up into vessels which find their way to the lynij)h- 
sinus. ^'Wlien they reach the level of llu' cIoschI follich's,” says 
l^erdal,'**^^ “the chylilerous vessels become unitud to llu' sinuses 
of these follicles, of which they constitute the afiVrtmt vessels. 
Crossing the mnscularis mucosa', they form ])art of a varicose 
capillary net-woi*k in the submucosa. From this net-work 
arise true lymphatic trunks supplied with valvc's that cross the 
int(^stinal coats and then reach the su!)})eritoneal lymphatic 
net-work.^^ 

I'he intimate relationships between the villus and tlie lyi!i- 
phatic follicle is further emphasized by the similarity which 
their mechanisms present. If the lymph-sinus of the latter is 
considered as functionally encircling what in the villus has 
been termed cytogenous tissue by Kollikcr, including its rn^t- 
work of capillaries, this similarity becomes sticking. Iiuh'c'd, 
the fact that the sinus is situated around the lymphoid tis- 
sue instead of in its center, as it is in the villus, would timd 
to indicate that the follicle does not absorb intestinal fluids, 
since these would merely, before reaching the sinus, be sub- 
jected to what epuration the c])ithelium and the fenestra tc'd 
numibrane overlying the organ could afford, ft is, th('r(ffore. 
probable that the solitary follicle or organ does not irududo 
absorption among its attributes. Indeed, unless possessed of 
a suction mechanism such as that of the villi, it is evid(;nt that, 
surrounded, as is its projecting part, by these minute pumps, 
its usefulness would be very slight. 

What can be the use, therefore, of the minute apertures 
encircling the projecting part of the follicle and which con- 
stitute the ^^fenestrated’^ subepitbelial membrane? “ihese 
orifices appear, says Berdal, ^^to afford passage to lymphatit^ 
cells that emigrate from the follicle toward the cavity of the 


•“Berdal: “Histologic Normale/* p. 365, 1894. 
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intestine"- — and to assist, if considered from my standpoint 
in asepticizing the contents of the lower end of the small intestine 
by permeating it with mobile phagocytes and alexocytes. If we 
now connect this fact with tlie predilection of Peyer’s patches for 
bacterial invasion in typhoid fever, it would seem as if func- 
tional impairment of these organs would render possible tlie 
juill Illation of pathogenic organisms in the ileum. Tins would 
normally lead to infection of the patches, and of the system 
at large tlirough the apertures. 

Besides tliis first, and 1 may add, very important pro- 
tective function, the follicular sinus, by serving as a secondary 
passage for the chyle, app(‘a]*s to afford a supplemental pro- 
tection to the organism of no mean power when we consider 
that it serves not only as a channel for freshly-manufactured 
leucocytes, hut that the follicle simultaneously receives freshly- 
oxidized blood directly from the great arterial trunks, through 
the mesenteric arteries. This blood, which roaches the lym- 
phoid tissue through the rich intrinsic capillary net-work to 
which I have referred, doubtless furnishes it with the various 
elements required for the metamorphoses — retrogressive and 
progressive — ^noted by Flemming and others, then forces its 
way into the sinus, carrying with it not only the newly-created 
cells, but also serum supplied with all the defensive agencies 
which the blood affords. The accumulation of Peyer’s patches 
in the lower two-thirds of the ileum seems to point directly to 
this as tlie most toxic part of the canal — and clinicians well 
know how frequently tliis region becomes the seat of intestinal 
disease. 

It would thus appear as if in the duodenum, the jejunum, 
and the upper part of the ileum, the gastric juice, the secretion 
of tlie crypts of Lieberkuhn and that of the glands of Brunner, 
in addition to the ultravillous process, would subserve the 
protective process; and that beyond this, to the end of the 
ileum, the follicles, either solitary or agminated in patches, 
the villous process pins the folliculous process, including the 
output of lymphocytes into the intestine, united to accomplish 
the same prophylactic purpose. 

The colon is deprived of villi, but plentifully supplied with 
crypts of Lieberkuhn, while solitary glands, somewhat larger 



ADRENOXIDASE AND THE INTESTINES. 

than those in the ileum, are scattered tliroughont its entire 
extent. The tornier doubtless lurnish the mucus, wliile tiie 
latter probably contribute the asepticizing lyniphocvtes. 

Here as in other organs of the alimeutarv system the 
sympathetic system alone, through its vasoconstrictors, iloes m>t 
account for the phenomenon which initiates function, i.c., 
vavsodilation. This is supplied, as in the stomacli, by llie vagus. 

Disturbance of the functions of the adrenal svstem by 
lesions of their nerves seriously hampers the intestinal immuniz- 
ing process. Onuf and Collins refer as follows to the disturb- 
ances that result from extirpation of the stellate ganglion in 
cats: “They consisted of diarrluea and ]>utreracti()n of tin* 
faeces. The faecal matter was scmiconsistent, of yellow or dark- 
grayish-brown color, and of exc(‘(‘dingly foul odor. This putre- 
faction of the faeces was observed in two of the tbri'c animals 
from which we removed the stellate ganglion. In the third cat 
they were not noted; but it should be added that this cat was 
killed before a time corresponding to that which bad elajisc'd 
antecedent to the occurrence of putrefai*! ion in tin* lirst two 
cats. The putrefactive symptoms made their appeai‘ance as 
late as two or three months after the operation, and it was 
noted that the digestive disturbances liad a tendency to in- 
crease and persisted until the death of the animals, three and 
four and one-half months, respectively, after the operation. In 
one instance the autopsy revealed marked amcmia of the in- 
testines.’^ 

We are dealing, in these experiments, less with the effects 
of section of intestinal nervous supply on the hm\\ vascular 
walls than with those of impaired adrenal functions, as Ibe 
extirpated stellate ganglion contains fibers to the thyroid, whose 
secretion sustains the functional activity of tin* adrenal c(U)ier. 
Decrease of adrenal secretion, i.c.^ of oxidizing substance in 
the plasma, was the main morbid factor. he fnnclionai en- 
ergy of the intestinal crypts, glands, and follicles lieing im- 
paired through loss of part of their pahulum enerfjcfiru>it in the 
blood, the asepticizing secretion of the crypts of Lieherkiihn 
and the glands of Brunner became reduced, the |)rodncti()n of 
lymphocytes by the follicles likeAvise, while the reduction of 
oxidizing substance in the secretions per se contributed to fur- 
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tlior impair their propliylactic qualities. Onuf and Collins also 
refer to one of their animals operated in the same way, in 
wliieh diarrhoea developed in two weeks; the third week “the 
animal began to be uncertain in gait, which increased to well- 
marked staggering^’ . . . “within two days it died in col- 

lapse.” That the functions of important organs — the thyroid 
and adrenals — had been impaired, is evident. 

The following deductions seem to me to be warranted by 
the analysis submitted; — 

The (jUmds of Liebcrhuhfi (aid the duodenal (/lands of 
Urunner supply a secrelum the purpose of which is to asep- 
ticize the iulesthial contents. 

The villi, throiujh their venules and lacieals, absorb nutrient 
and chyle-foruiinf/ materials from the intestinal foodstuffs, and 
the contents of the lacteals are submitted to a further asepiiedz- 
iny process, mainly in KblUkers cytoyenic membrane. 

The soliUwy and ayminated iymph-^folludes (Peyer's 
patches) are cytoyenic structures which furiher asepticize the 
materials absorbed by the surroundiny villi, the efferent lymph- 
vessels of the latter consiitutiny the afferent lymph-vessels of the 
follicles, where both Tinds of oryans occur toy ether: i,e,, in the 
portion of the small intesline in which /lullulation of pathoyenic 
bacteria i,s most likely to occur, the if cum particularly. 

The solitary and ayminated lym//h-f oil ides also supply leu- 
cocytes to the intestinal canal, which leucocytes are: formed in 
their cytoyenic area ( Flemminy's central nodule) and pass out 
ihrouyh the fenestrated membrane overlyiny each follicle. The 
purpose of some of these leucoeytes is to insure the destruction 
of pathoyenic ayents formed as a resull of ' putrefaction of the 
intestinal contents or introduced into the. intestine. 

Til the colon, the ase/)ti('iziny process is fulfilled by a rich 
supply (1) of Lieberkiih n's crypts, which keep its walls bathed 
with their muco-serous secretions; and (2) of irreyularly scat- 
tered solitary lym ph-follicles, which supply the latter secretion 
with bactericidal cells and their antitoxic blood-serum. 

The nervous sup/dy of the intestines is derived from the 
vayal and sympathetic systems, the distribution to the various 
intestinal coats and their mode of action beiny similar to that 
of the same nerves in the stomach: While the vayal fibers ini- 
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ikite funcMon by earning vasodilation, the sympathetic ffbers 
. arrest funciiori by restoring hhe arteries to their normal caliber 

Veumikoum Appendix. — Solitary folliclos iK'inu: iilso vory 
numerous in the caecum, and the appendix so rich in ai’ininaled 
follicles as to have suggested to some anatomists that it was a 
large Fevers patch, 1 Avas led, in view ot tlie fads pivsentiMl 
in the foregoing pages, to the conclusion tluit : — 

27/ e cwcuni, being pirticufarly exposed to the accnmnlation 
of putrefactive materials, is supplied irith an organ in which 
agrniruited lymph-follicles are particularly minuxous, i.e., the 
vermiform appendix. The functions of this organ, therefore, 
ajipear to he to supply the eaxum with hacteriridal cells and 
their jyroducts, i,e., phagocytic Icurocyles and alexorytes (in 
addition to those supplied by the cwcai agminated follicles) and 
antitaxAc hlood-seru m. 

Shortly after - this conclusion had been ])ul)lislied in the 
first edition of the present work (January, ;lt)03, ])age 323) 
Prof. Me Adam Eccles, of London,'^-^^- stah'd, in his Hunterian 
Lectures, that practically little or nothing was known concerning 
the functions of the ap])endix, though he thought that it was 
probably ^in jiart absorjitive and in part excretive.’^ Favoring 
the latter view he point/nl out that the aidion of the muscular 
fibers in its muscular coat tended ‘Ho force its contents toward 
and into the cavity of the cavum,’’ the caliber of the api^rture, 
.“^while amply suflicient in its natural stall* to allow the free 
evacuation of secretion from the mucous membrane of tlie tubi* 
itself.’^ He also shoAvs that in at least two of the fairly common 
positions of the organ, its orifice was so situated as to fa('ilitate 
^‘the exit of the secretion.'' Lorpe***'^ in experiments on dogs 
found that the appendix secreted consideralde fluid, estimating 
this at four ounces daily in these animals, and that the secre- 
tion Avas poAverfully germii'idal. Jloefer'-**^ noted, in the coursi* 
of append icectomy, that the appendix secreted a light, straw- 
colored fluid, and refers to MaceAven as having se/ui a stream of 
alkaline fluid poured from the appendix just before the cipcal 
contents passed into the colon. Each time a small rjuantitv of 
chyme passed the orifice of the appendix it Avould become 
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smeared by the exudation tlierefroin. Condi is referred to as 
stating that six ounces of this fluid were secreted in the twenty- 
four hours, lloefer concludes with Bunge and otliers that the 
purpose of this fluid is to alkalinize the caecal contents before its 
migration to the colon. Recently, however, E. M. Corner, of 
liondoti,'^'*’' aft(T a comprehensive study of the subject, con- 
cluded tliat llie vermiform appendix was specialized part of 
the alimentary canal, nature having made use of a disappearing 
structure and endowed it with a secondary function, by giving 
it lymphoid tissue to protect the body against the micro- 
organisms of the ileo-ciccal region.’^ The trend of evidence, 
therefore, is toward the immunizing function 1 attribute to the 
organ, a role which the resemblance of the glandular elements 
of the appendix to the tonsils had led various observers, notably 
Kilbourn,**''* to suspect. 

TiiK Liver and its Physico-Chemical Functions.—. 
There is considerable evidence available to show that oxidation 
is one of the most active factors of hepatic functions, and yet 
it must be admitted that, according to prevailing views, there 
is no blood-supply capable of accounting for this powerful 
source of energy. To the portal vein, essentially a channel 
for physiologically impotent blood, — /.c., blood replete with the 
waste-})roducts of four important organs and the oxygen of 
which has been utilized in these organs, — is ascribed this pre- 
ponderating role. On the other hand, the hepatic artery is 
thought to supply the liver “with the blood of nutrition.” Text- 
books on physiology, therefore, seldom refer to this vessel; 
works on histology hardly grant it more than two or three lines, 
if they refer to it at all. In text-books on anatomy it receives 
more attention, l)ut only in its general topographical bearing. 

As viewed from my standpoint, ihe hepatic artery does not 
only supply the liver with its nutritional blood, hut simultane- 
ously with the blood upon which all its functions depend. 

To develo]) this proposition a review of the histology of 
the lobule is necessary, (flarkson'’’^ gives the following com- 
plete, though succinct, description of this wonderful little body 


*®**rornor; Annala of Surgery, Oct.. 1910. 
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— about one-twentieth of an inch in (Uainetor — and wliieli in 
itself has been termed a "hniniatiire liver*’: — 

‘‘A lobule of the liver is polygonal in shape, and is com- 
posed chiefly of a number of gland-tubes, which radiate from 
near the center of the lobule to the ])eripherv, where tluy ojien 
into their ducts. ^J’lnis, the blind terminal (‘iid of the lul)e is 
turned toward the center of the lobule; the ducts at tlu* ])e- 
ripherv lie in the interlobular connective tissue, which to the 
naked eye marks the l)oun(laries of the lohule. 

“The blood brought to the liver by the porM is 

conveyed along its subdividing branches till the ultimate suh- 
divisions are reached, which lie, tog(*lher with the bile, in (he 
connective tissue surrounding (he lobules, llcuv i'a])illaries are 
given otf which pierc-e the lobule and pass betw(‘en the radiat- 
ing gland-tubes to reach tlu? c(‘nter, wlu're (hey open into the 
intralobular radicle of the eJTerent vedn of t.lu‘ liver, the hcpdlir 
vein. These small hepati<' radicles open into the larger vessel, 
— ^tlie snhiohvlar vein , — and the sublohular vi‘ins uniti‘ to (‘on- 
tribute to the hepatic vein itself. The walls of tlu* bra.nch(‘s 
of the hepatic vein are destitute of muscular tlb(‘rs and the 
adventitia is extremely thin. 'The radiating gland-tubes arias- 
tomose laterally with each otlu'r, as do the capillaries also. 
The meshes of the net-M*orks are elongated in a radical dir(*ction. 
Thus, a lobule is comjiosed of a radiating system of gland-tubes 
and a corresponding radiating system of ca j)illaries lying be- 
tween them. A very minute (plant ity of conn(*ctive tissue 
accompanies the capillari(*s as an adventitia and in this lym- 
phatic channels are to be found separating the gland-tubide 
from the blood-vessel. 

“The lobule is surrounded (in part or whole) with con- 
nective tissue supporting brandies of tlu? aflen*!!! fiortal vein, 
— the feeder of the cajiillary net-work, — and the hiie-dnri^, 
which receive the secretion of the gland-tuhul(‘s. Thus, the 
blood flows from the pei'iphery to the ccaiter of the lobule; tlu* 
bile, from the center to tlie periphery. 

“But in addition to the afferent portal v<*in and tlu* hiie- 
ducts another vessel is found in the interlobular connective 


“ The italics ar® my own. 
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tissue. This is the hepatic artery, whijch supplies blood for the 
nutrition of the connective tissue of the organ, the vessel-walls, 
etc. It ultimately terminates in the small portal veins, and 
perhaps partly in the capillaries in the periphery of the lob- 
ules.^^ 

There exists some uncertainty as to the manner in which 
the subdivisions of the hepatic artery are related to the other 
perilobular and intralobular vessels. Pick and Howderr'*® refer 
to its terminal distribution as follows: “Finally, it gives off 
interlobular branches, which form a plexus on the outer side 
of eacli lobule, to supply its wall and the accompanying bile- 
ducts. Prom this lobular branches enter the lobule and end in 
the capillary net-work between the cells. Some anatomists, 
Jiowever, doubt whether it transmits any blood directly to the 
caf)illary net-work.^^ Harrison Allen*^^ says; “Each lobule is 
a miniature liver having at its periphery between the lobules 
branches of the portal vein and hepatic artery (interlobular 
lu’anclu's) which freely intercommunicate and form through the 
lobule, between its periphery and center, a capillary net-work. 
Directly at the center the venules of this net-work (intra- 
lobular vessels) converge to form radicles of the hepatic vein.^^ 
Labadie-Ijagravo'*^ states that, “as regards the divisions (of the 
hepatic artery) destined for the lobules, they penetrate con- 
jointly with interlobular veins, but without communicaimg with 
them, in the interior of the lobule, in the form of capillaries 
distributed to tlie central vein/' In the presence of these di- 
vergent views, wliich but exemplify those of other authors, 
our only choice lies in the seleetion of the one region which 
all authors seem to consider as reached by the artery: Le., the 
})eriphery of the lobule. But, as all concede, also, that the 
arterial capillaries penetrate in one way or another to the 
inti'alobular supply, we will adopt — though we believe that 
Harrison Alienas definition is the true one — the more con- 
servative distribution indicated in the annexed engraving by 
Piersol, who, in accord with many histologists, describes tlie 


"Pick and Howden; “Gray’a Anatomy”; edition, 1901. 
Mlarrlson Alien: ‘‘Human Anatomy,” 1884. 

* Labadic-Lagrave: ‘‘TraitO des Maladies du Foie,” 1892. 
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hepatic' artery as ‘^supplying nutrition to the intortohular 
structures and terminating in tlie lobular capillaiy net-work." 

A noteworthy feature of the capillary net- work enveloj)- 
ing the cellular bodies is that each mesh does not merely cover 
one cell, but several. Indeed, were it otherwise, the bib*- 
capillaries could not exist as individual channels and givt‘ an 
uninterrupted free way to their contents without allowing llu‘ 
bile to penetrate the blood-stream. To prevent tliis, and v(‘t 
simultaneously insure perfect cx|H>sure to the blood and lym|)lu 
a very simple arrang(‘mcnt exists: V.e.. three or more of the 



Section of Liver Showing the Lobuheh, ani> the 

Dlood-suppey. { Piernot . ) 


P.V., Portal vein. H.A., Hepatic artery. H.V., Ih-iiatif' ve in. 


cells (usually polyhedral) are joined longitudinally, and, while 
tlie narrow passage in the center of the group tims formed 
serves as a bile-channel, the outside only is in contact with 
the blood- and lymph- capillaries. When only two cells are 
thus joined, the surfaces in contact have in their center a small 
opening, which, being adjusted to that of tiie adjoining cell, 
insures the continuity of the channel. It thus In-coines clear 
that the blood-plasma may penetrate the cell, undergo or in- 
duce metabolism therein, and the product pass out through 
the intercellular biliary passage.s or Inle-eajiillaries. The cells 
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are so joined as to form continuous, though correlated, chan- 
nels, which radiate from the center of the lobule to its periph- 
ery, wliere they join the interlobular bile-cliannels. 

The intimate structure of the hepatic cell is peculiar. It 
possesses no limiting membrane; but its perijjheral jirotoplasm 
is more dense tlian that of its other parts and the pseudocov- 
ering so foi’med serves as the outer wall for numerous cavities 
or vacuoles which inosculate irregularly throughout its inte- 
rior. AH these vacuoles, liovvever, more or less directly con- 
vei’ge toward the center, where they meet a protoplasmic mass, 
wliich in turn contains one and sometimes two nuclei. The 
cell, apart from its nucleus, suggests a miniature sponge the 
cavities of wiiich (secretion vacuoles) become filled with 



inniAny CANAnicuni. {Mathias Duval.) 
a, A biliary caiiali<Milus cut transversely, h. Intercellular capillary. 


glycogtai. This substance seems to accumulate in the outer 
vacuoles, Avhich appear wider in this location than the inner 
ones, when, liy artificial means, the glycogen has been removed. 
It is perhaps noteworthy that this substance accumulates in 
tlie part ot the cell nearest the blood-vessels and that the 
droplets, or ^^granules,^’ considered as Idle are most abundant 
in tlie ofiposite direction: /.c., near the bile-capillaries. These 
“droplets ’ aeeumulate between periods of digestion and dimin- 
ish during this process. A delicate canaliculus connects this 
part of tlie cell witli the biliary channel. The vacuoles in the 
paraplasm, according to Kupffer, ^^play an important part in 
the seertdion of fhe cell, and arc dm* to the confluence of 
minute di'op? of l)ilc* into a large globule. As soon as the 
vacuole has attained a certain size it tends to empty its con- 
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tents into the bile-capillary through a small tubule connecting 
the vacuole Avith the bile-capillary.” Kupll'er's main vacuole 
is thought by him to constitute an intracellular vesicle con- 
nected Avith the bile-capillaries by means of delicate tubes. 

The nerves of the liver enter the organ at the transverse 
fissure and accompany the blood-vessels and lymph-vesseds to 
the interlobular spaces. That the vagus causes vasodilation of 
the hepatic arterioles Avas first o]>serv(‘d l)y (hiva/xani ami 
Manca/^‘‘ Francois- Franck and Ilallion-*'* also Avitiu'sscd vaso- 
dilator effects on stimiiJating the ccniral s(‘gmcnt of tlie divided 
vagus Avith a Avenk current. T^runo“ lias shown, moreover, that 
the flow of bile Avas increased concomitantly with tlu‘ ])assage 
of food-products tlirougli the pylorus under tlu? iiilluenei; of 
the vagus. 

The vasoconstrictor action of the sympathetic' ncrvt‘ on 
the liver Avas pointed out 1)y Yulpian"*- Avho found that stimu- 
lation of nerves derived from the eodiac jdoxus caus(‘d amemia 
of the hepatic area to Avhich they Avere distidhuti'd. Ilalfter. 
Samuel and Froidchs all observed congestive colorathm pli(‘- 
nomena on diAuding tlie splanelinic nerve* and the (Mcliac 
plexus, similar to those tliat follow, in tlie (*ar, Taee*, etc., sc'c- 
tion of the symjiathetic nerve in Ihe neck. MalF*' showed that 
the splanehnics also contained vasomotor fibers for ilu* ])oi*tal 
A^ein. Bayliss and Starling*^ then found a rise of the Iilood- 
pressiire in the portal vein occurred in llu* dog. Avhen ilu* tho- 
racic nerves between the third and eleventh tlioracdc inclusive 
were stimulated, the maximum effeet following excitation of 
the fifth to the ninth inclusiA’c. CaA^azzani and Manca^"’ were 
led to conclude tliat hepatic atsscIs wtu’e also under tin* intlu- 
ence of such nerATxs by passing Avarm salim* solution at a givcni 
pressure tlirough these atsscIs and Tnensiiring ilie oiittlmv in a 
giA^en time. This Ai^as confirmed by Fram;ois-FraTU'l\ and 
Hallion.^® The latter physiologists showed, morcoA'er, that tlie 

Cavazzanl and Manca: Archives ital. do biol., T. xxlv, p. 
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Bruno: Archives dcs Sc. biol., T. vli, p. 87, 1899. 

^ATulplan: C. R. de la Soc. de biol., p. 5, IS-AS. 

"Mall: Archlv f. Physiol., S. 409, 1892. 
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true vasoconstrictor effects of the spiipatlietic were produced 
by fibers derived from the cord on a level with the sixth tho- 
racic and second lumbar inclusive, all passing to the splanchnic 
nerves. 

On the whole, it is evident that the functions of the liver 
are incited through vagal vasodilators and inhibited by sym^ 
pathetic vasoconstrictors as in the stomach and intestines. 

Our iiKiuiry into the character and composition of the 
substances that are transformed in the liver and of tlie secre- 
tions of this organ must necessarily include the blood of the 
portal vein, since it contains whatever products of metabolism 
the organ is tliouglit to transform. We shall, therefore, begin 
with tliis channel, Avliich brings to the liver essentially venous 
blood, since it contains that utilized by four organs — the 
stomach and the intestines, the pancreas and the spleen — in 
which the metabolic products include, besides those incident 
upon tissue-waste, food metabolites, physiological toxics, etc. 

As is well known, there exist in the liver’s secretions dis- 
tinct evidences of association with splenic , haematopoietic or 
hannolytic functions. The liver is known to modify the com- 
position of the blood as it passes through it, but the purposes 
of the alterations involved are not established. 

The Splenic Vein. — The path from the spleen to the portal 
vein, tlirougli the splenic vein, is a direct one, and the blood the 
q)leen sends to the liver is not, therefore, modified in transit 
by any otlier organ, though the splenic vein receives a few 
branches from the pancreas and stomach. Still, these are mere 
tributaries to a common channel, and, as tlie arterial supply 
comes directly from the cceliac plexus, we can say that the 
spleen receives nothing but pure, freshly-oxygenated blood in 
great (juantitics. Indeed, the splenic artery is remarkably 
large for the dimensions of the organ, and we can easily account 
for the so-called ''ague-cake'* and the temporary enlargement 
that occurs during malarial and other fevers when we include 
suprarenal overadivity and excessive vascular tension in the 
pathogenesis of these phenomena. 

lo this we cannot ascribe, however, the post-prandial 
splenic enlargement, whicli attains its maximum about five 
liouis after an ordinary meal, since we now know how inde- 
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pcndently of suprarenal overactivity and merely through neiv- 
ous influence an organ’s function can be excited and governed ; 
indeed, sympathetic and pneumogastric again unite here to 
account for a jmssive period and for an active period: that 
of gradual enlargement. “The turgescence of the spleen seians 
to be due to a relaxation both of the arteries and of the mus- 
cular tissue of the capsule and of the trabecuhe'’ says Professor 
Foster: evidence that we are again dealing with dilation of the 
arterioles to increase the influx of blood into the functional 
areas, — the physiological process we have found in other organs. 

That the organ is concerned with some proc(‘ss incident 
upon blood-changes is evident. But what is this jirocess? The 
various points that may atTord a clue are tlicsc: rt‘d blood- 
corpuscles have been found in various stages of disorganization 
in the organ, but in the interior of amo'boid cidls buried in the 
pulp. The spleen-pulp also contains an albuminoid jiroteid 
rich in iron, and a pigment which shows consideralile carbon. 
That an active combustion process may go on in tlu; organ is 
suggested not only by the latter, I)ut also by tlu* iin'senct* of 
various purin bases; xanthin, hy])oxanthin, and their end- 
product, uric acid. Various other acids — acelic, butyric, formic*, 
succinic, lactic, etc. — are also found in relatively large (juan- 
tities. This appears suggestive wlien we consid(»r the large 
quantity of oxidizing substance that must course through the 
organ especially during ])ost-prandial activity. 

The spleen also seems to be a leucocytogenic center, since 
the splenic vein contains a much larger proportion of leuco- 
cytes than the splenic artery. But as these leucocytes leave 
the organ through the splenic vein, and ultimately, th(*r(‘rore, 
reach the liver through the portal, they must either' lu* con- 
nected with some function in the liver or be; destroyed there. 
Again, the arterial blood has been found to lose on(^-half of its 
red corpuscles; at least, blood from the spleen contains one- 
half of those found in the blood of the splenic arteries. 
Coupled with the finding of disorganized remnants of these 
bodies in the splenic pulp, this certainly suggests, as is gen- 
erally believed, that red blood-disks are disintegrated and white 
corptiscles created in the spleen. Indeed, the portal blood is 
poor in red disks. Yet, the hepatic vein is still poorer in them 
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in the sense that the proportion of red to white cells is as 
I'onr in the subliepatic vein is. to one in the portal vein, after 
the blood has been submitted to the effects of hepatic func- 
tions. It seems clear, therefore, that red corpuscles are de- 
sln.\yed both in the spleen and in tlie liver, and tliat, since 
the spleen is possessed of no external duct, it is in the liver’s 
secretions that we should find proofs of this dissociation of 
cor])ustnilar elements. Indeed, we have in l)ilirubin, a bile- 
])i^-ment d(*rived from luemoglobin, direct evidence of this fact. 

The Hepatic Blood- pig menU . — We have already analyzed 
(in tlie second cliaj)tt‘r) the process through which various 
bIood-])igments are transformed one into another. We will 
now only refer, therefore, to the relations between these bodies 
and tile sjileno-hepatic functions. 

We ascei’tained that the changes undergone in the liver 
rejiresented liut a portion of a cycle of which the intestines 
were the starting-point, bilirubin (excepting that transformed 
into urobilin and stercorin) being reabsorbed from the intes- 
tine and again us(‘d in tlu* l)ui1ding up of haunoglobin. Ex- 
perimental evidence was adduced to show (i\Iacallum) that in 
an animal fed on albuminate of iron free leucocytes crowded 
witli iron-])igment could be traced in transit through the in- 
tesiinal mucous membrane in the villi, and that similar leu- 
cocytes had lieen found in the spleen and in tlie livei*. But 
can W(? conclude from this that the iron-laden leucocytes find 
tli(‘ir way to the spleen and that this organ constitutes a part 
of the cycle? Tlie auafomical relations of the structures in- 
voIv(‘d show tliat, even if such an arrangement did exist, it 
could serve no useful purpose, since the leucocytes would but 
pc'uetrate the splenic stiaictures to again enter the portal cir- 
culation. Obviously, the only pathway available anatomically 
is the venous one, since T\racallum found the ^^eucocytes 
crowded with granules of iron-pigments” in the vennles of the 
villi. 

The single venous channel at our dis])osal, therefore, is 
that of the distribution of ' the villi, the . ileum and jejunum 
mainly, f.c.. the superior mesenteric veins, — wliich again lead 
us to tlu^ portal vein. This probably means that the iron thus 
taken from the intestine is not ready for the circulation, and 
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that it must undergo a secondary process in the liver before 
it can serve its plivsiological purpose in the arterial circula- 
tion. This is sustained by the prevailing view as to the func- 
tions of the spleen, i.e,, that it disintegrates worn-out red 
corpuscles, and also by the great increase of l(‘ucocvtes ob- 
served in the splenic vein as compared to the |)roj)ortion of 
these cells in the artery. It seems logical, therefore, to conclude 
that both in the lyntpJuiiie si ruci tires of the intesiine and in those 
of the spleen leucocytes are formed tvhtch carry iron-piyntcnls to 
the portal vein; those from the intestine reach the latter by Plie 
superior mesenteric vetn, and those from the spleen by the splenic 
vein. As Macallum observed iron-pigment leucoc'vtes in the 
spleen similar to those witnessed in the intestinal villi, and the 
venules of the latter and the splenic veiii iiltimately transmit- 
ting their blood to the portal vein, no other conclusion seems 
possible. 

The similarity of the general mechanism invoivi*d suggests 
the presence of correlated functions. 'I'hus, in the spleen the 
leucocytes are formed in situ, pass out into the pulp-channels, 
and take up the iron-piyment and carry it out to the liver; in 
the intestine they are formed in a similar siruciurer — the follicle, 
— pass out into the intestinal channel, lake on a similar supply 
of blood- pig in eni, re-enter through the viffi into the venous 
system, and also pjroceed to the liver, '^^rrue, I have previously 
ascribed bactericidal properties to ihe leucocytes producc'd by the 
intestinal follicles ; but the chemotactic property of I lie leuco- 
cytes, the existence of which is shown by their ability to take up 
the pigments, serves hut to demonstrate that they must also he 
endowed at least with phagocytic attributes. 

It was also shown, in the earlier editions of this work, that, 
while the adrenals supply an oxidizing substance to the blood, in- 
sufficienc}^ of the adrenals leads to the formation of a com- 
pound inferior to haunoglobin in oxygen-absorbing powers, — 
i.e., methaemoglobin ; and, furthermore, tfiat hannatoporyihv rin 
is formed when the suprarenal insufFieiencv is still further ad- 
vanced, haemoglobin being unable to hold itself iogetlier, as it 
were, and to absorb oxygen. Again, we saw that luemoglobin 
is reduced to luematin when the reaction with the reducing 
agent occurs in the presence of oxygen. In the absence of oxygen 
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a ha?mocliromogen is formed which slowly loses its iron, the 
end-product being also lueTnato])orphyrin. 

It is evident that the integrity of the haBmoglobin mole- 
cule is dependent upon the (juantity of secretion that tlie ad- 
renals supply to tile blood, and also upon tlie condition of that 
molecule at a given time. In other words, while the adrenals 
may be supplying their normal ])roportion of secretion, the 
haemoglobin molecule in the red corpuscles of venous blood— 
i,e., blood al)()ut to return to the vena cava for a fresh sup- 
ply — may l)e compared to that of blood during insufficiency. 
Even as haemoglobin, the blood-j)igment is loosely combined; 
wlien ap])roaching the end of its systemic circle, it is still 
neaj’cr the state of disintegration— according to the activity of 
the oxidation processes which it has subserved. Starting from 
tlie lungs as oxyluemoglobin, it returns promptly to the heart as 
haemoglobin oi* reduced haunoglobin, ready to absorb at once 
another supply of suprarenal secretion and, once in the lungs, 
take up its oxygen. 

Blood from the head, extremities, and other structures in 
which tlie drain upon its resources has not been excessive re- 
turns such a molecule to the heart; it is still efficient as an 
oxygen-carrier. But not so with the blood from any organ 
directly connected with the digestive system. As is well known, 
all the blood from the organs of the alimentary tract — stomach, 
intestine, pancreas, and spleen — is not returned to the heart 
before it has been submitted to whatever action the liver may 
have upon it; then only can it re-enter the circulation tlirough 
the he])atic veins, which carry the blood to the vena cava. But 
not all the blood may thus lie rejuvenated; some has gone 
beyond ; it has, ind(*ed, almost reacluMl the state of hannatopor- 
]ihyrin, the last on the list of pigments, that which appears in the 
most advanced stages of suprarenal insuinciency. We have seen 
that Inematoporphyrin and biliruliin are similar; and, as is well 
known, it is bilirubin which passes out with the bile. 

A salient feature of the luemoglobin molecule is missing 
here, however, namely: the iron. As stated, a reducing agent, 
if used in the ])resence of oxygen, will reduce luemoglobin in 
the absence of oxygen ; the primary product is a hannochro- 
mogen which gradually parts with its iron, leaving as end- 



THE LIVER AND BLOOD PIGMENTS. 


337 


product haeinatoporpliyrin. As bilirubin and luiMnatoporphvrin 
are fundamentally identical, the presence of the former in the 
bile must be the result of a similar j)rocess in the liver. 
such is the case is sustained by considerable collateral (‘vi‘.ieiu*e, 
first of which is the invulnerability of the hjemo^lobin mole- 
cule. 

Paradoxical as this statement appears, it nevertheless con- 
stitutes the key-stone of tlie entire edifice, since it is only when 
vulnerable that the molecule becomes the ])rey of disintejrratiuijj 
influences. 1 have used the Avords “’reduciiiij^ a^enls" several 
times; but the luenioglobin molecule does not yield ti) even 
moderately-strong reagents of this nature; indet'd, only a 
powerful agent — sulphuric acid, for instanc(‘ — will dissociate 
it: an exemplification of the wonderful binding ])owi'r which 
the suprarenal secretion must exert upon all its constituent 
parts. Still, we must not overlook the fact that the oxidizing 
substance in the blood-plasma is identical to this binding com- 
pound. Indeed, 1 have accumulated so mm*h testimony ailirining 
the fact that the plasma jicr se is a potent sonrc(‘ of (aiorgy, 
Avdiile tlie red corpuscles always played so secondary a role in 
the various intrinsic functional mechanisms, esp(‘cially those con- 
cerned with muscular and glandular elements, that 1 have Ixam 
led to conclude that the red disks are, after all, l)ut sen-vants of 
the blood-plasma: pack-mules, as it wore, from which it can 
draw, as needed, enough oxidizing substance to .maintain its own 
functional ])otentiality as previously stated. 

Under these circumstances we can readily see how the 
hiemoglobin molecule, gradually deprived of its binding oxidiz- 
ing substance during tlie inordinate nndabolism wbicb tlie tis- 
sues of the digestive organs undergo during their ]>eriods of 
actmty, should yield more readily to dissociating intlmmces. 
It is evident that a molecule so AA'cakeind, tlinist in blood 
such as that of the portal \^ein, — a vast sewer lu^plete with 
physiological waste-products and deoxidized l)lood-e(;lls, all 
bathing in a plasma itself despoiled of its oxidizing snhstance, 
— should soon become dissociated. TransporUxl Ibroiigb grad- 
ually narrowing channels, the Avails of Avhich, like all tissiu^s, 
eagerly absorb any loose oxygen that it may contain, it must 
inevitably undergo the transformation ol Inemoglobin referred 
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to, i.e., into the primary hsemochromogen, which soon drops 
its iron, leaving as end-product bilirubin. 

We have here the identical jirocess that occurs in the brain 
or other structures when blood-clots are disorganized into 
haBmatoidin preparatory to iibsorption. “The bile-pigments 
originate from hamioglobin,^’ says Professor Howell; “this 
origin was first indicated by the fact that in old blood-clots 
or in extravasations there was found a crystalline product, the 
so-called ‘haeinatoidin,’ wl)ich was undoubtedly derived from 
haemoglobin, and wliich, upon more careful examination, was 
proved to be identical with bilirubin. This origin, which has 
since been made probable by other reactions, is now universally 
adopted.’^ '^riiat the influence of the suprarenal secretion rests 
upon as solid a foundation is illustrated by the experiments 
of Koinet, who found the blood of a large number of rats from 
which he had removed the adrenals replete with “luematoidin.” 

To trace the itinerary of the two products, iron and bili- 
rubin, through the liver, naturally brings the hepatic cell 
'within the scope of our inquiry, since we have to account for 
the transfer of the former to the bile and the return of the 
iron to the general circulation. 

The functional importance of iron in the luemoglobin 
molecule is generally recognized. Yet, the pigments, when 
separated fi’om it, are not unable to take up oxygen. Indeed, 
we have ample evidence of this in the formulae of the very 
products of whicli bilirubin is the primary compound. Thus, 
wdiile bilirubin is hiliverdin is CioJI,^N204, and 

the latter can readily be prepared artiflcially from the former 
by oxidation. “It is supposed that, when the hlood-eorpuscles 
go to pieces in the circulation,” says Howell, “the haemoglobin 
is brought to the liver, and then, under the influence of the 
liver-cells, is converted into an iron-free compound: bilirubin 
or hiliverdin. It is very significant to find that the iron sepa- 
rated by this means from tlie haunoglobin is, for the most part, 
retained in the liver, a sma/i portion only being secreted in the 
bile. It seems ])robable that the iron held back in the liver is 
again used in some way to make new hwniogjolin in the haema- 
topoietic organs.*’ We have se<*n that it is not under the in- 
fluence of the iivrr-cells, as now believed, that hcernoglohin is dis- 
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sociated: an important feature, since it removes the main ele- 
ment of confusion from our [)at]i. Indeed, we can now easily 
account for the retention of the greater part of biliruhin in the 
liver, since we have at our disposal all the constituents for the 
synthetic production iHUiUi tlie jmrtal capillari<‘s of tiu* liepatie 
lobule of new luenioglobin, and particularly oxidizin.ir subslanct', 
brought there by the terminals of the liepatie artery. 

On examining, on yiage tlie illustration from Pim'sors 
Avork, the distribution of the liepatie artery's l(‘rminal art('rioles 
or capillaries w'ill be found to be unusual. Immediately above 
the margin of the lobule — ij\, where the iiortal or interhibular 
vein breaks up into the ca])illary net-work of tlie lobule — (he 
hepatic arteriole may be seen to open into the portal capillary. 
The inference is obvious. The hc/talir arforji conflnf/ di reef Iff 
from the ccrJiac axis, hririffs freshly oxidized hhfod, — /.r., oxldlz- 
iny substance, — which, niixiiuf freely in the narroir rhanneis o/’ 
the lobule vrith the portal blood, at once yronps bilirubin and 
iron, and builds up all Ihe hwmoylobin that the eonslll uenis 
present (including what iron the splrnir lencocyirs and llnfse 
from the intestinal follicles have brought) (dlow. What bili- 
ruhin cannot, owing to deficiency of either of the olher (onstil- 
uerits, be ntUized, becomes an excretory product: and with mauff 
others it enters the hepaiic cell and is ftassed out with the bile. 

That deficiency of oxidizing substance (adreno\idase) can 
increase the excretion of bilirubin has been repi'atedly sliowm 
herein. I may refer, for example, to Ihe many forms of 
acute poisoning and to the diseases attended with suprarenal 
insuflicienev in which there is increased excretion, (*ithci’ in the 
urine or fieces, of ha*matopor])hvrin, metluemoglobin, urobilin, 
stercobilin, etc.: i.e., of some derivative ol hjeni(»globin. 

I have referred to the hepatic' cell as a miniature sponge. 
This comjiarison, due to Bordal, is especially warranted, since 
Schafer**^ noted the existence, within this cell, ol canaliculi 
W'hh'h are in direct eo.mniunicaticm with the* blood-capillaries. 
Having injected carmine gelatin into the jiortal vein, the col- 
ored substance filled tJiis vessel and its siilidivisions, besides 
the canaliculi, but no other structure. It may, therefore, be 

Sohafer: Journal of Physiology, Jan. 31, 1902. 
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inferred, says Professor Schiifer, ^Hhat the injection has passed 
directly from the blood-vessels into the liver-cells; indeed, hero 
and there one can see what appear to be such direct eomniii- 
nications/’ These can readily be seen in the annexed illustra- 
tion. He refers to tlie conchision reached by Browicz/® based 
on appearances, normal and pathological, ^Hhat there must 
exist a net-work of nutritive canals within the hepatic cells 
which arc in direct communication with lobular capillaries'’; 
this he had not as yet, however, verified by injections. 
Schafer’s observation probably accounts for the direct transfer 
of tlie bilirubin to the biliary capillaries, along with other 



Liver of Rabbit Injf.ctep from the Portal Vein. The 
Injection has? Passed into Canauculi within the Liver- 
cells. (A’. Schiifvr.) 


products of oxidation, to which we will refer later on. Indeed, 
J. W. and E. H. Fraser^’* are also stated to have found intra- 
cellular passages communicating with the blood-vessels in the 
hepatic cells of frogs. For the present it seems logical to con- 
clude that one or more of the canaliculi may lead to the vacuole 
|)revioiisly referred to as nearest the bile-capillaries, and that 
it is in this vacuole that bilirubin joins the bile. That even 
this vacuole is supplied with a canaliculus we have already 

nrowicz; Rulletin de 1’ Academic des Sciences dc Cracovie, 1899. 

J. W. ttud K. H. Fraser; Journal of Anatomy and Physiology, vol. x\ix, 
p. 240, 1895. 
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seen; Kupffer found it to afford a direct clianiiel between this 
bile-reservoir and the bile-capillaries per s<\ 

The Hepatic Tissues in their lielatious to JUuleria, — A 
prominent feature of the work so far done is the evidence 
furnished that several physiological processes now ascribed to 
the hepatic cell in no way involve tliis structure, and that the 
portal vein itself and tlie inlerceliular^^ capillaries are the seat 
of several of these processes. 

Before proceeding further, however, reference must be 
made to tlie connection between bacdoria and the normal liver. 
I emphasize ‘^normal” here, becausi* 1 can thus simultaneously 
lay stress upon a feature whicli plays a pr(‘dominaling role in 
disease: i,c,, the fact that anatomically, as far as baiferia go, 
there is no direct normal connection betw(‘en the digestive 
system and this organ. The liver, in fact, is essentially a 
physiological organ in the sense tliat it is mainly inhuuled to 

rid the system of waste-products and to economize others that 

may again prove useful, by preparing tliem for reabsorption 
in the intestine. 

Wo have seen that the venules of the villi allow iron- 

pigment leucocytes to enter the mesenteric v(‘ins which carry 
their blood to the portal, A depraved condition of all the 
digestive structures — such as that induced by alcoliolism, for 
instance — can so lower the functional activity of these struct- 
ures as to cause these venules to lose their normal turgescence 
and afford passage to bacteria, alcohol in large doses b<*ing 

known to impair metabolism. 4'lie intestinal venules under 
these circumstances, surrounded by weakemed protective struct- 
ures, can well give passage to Adami’s cirrhosis bacillus, for 
instance, or any other capable of coping with wliat proj)]iyIactic 
conditions may still prevail. portal vein can trans])ort 

to the liver morbid germs from the intestinal surfac(%” says 
Labadie-Lagrave. ^T)ne of the best established pathogenic 
connections of this kind is the influence exc'rled upon the de- 
velopment of hepatitis by dysentery; although tliis relation- 
ship is not constant, all observers luive noted it. Thlebitis 


“ We find it necessary to give the terminals of the portal this name In order 
to avoid confusion; they contain blood from both the portal aud hepatic cnan- 
nels, and in reality form part of both as extensions.— S. 
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starting .from an nicerated area and directed toward an hepatic 
focus has also been observed. When the primary portal struc- 
tures are normal, transmission of the putrid material may occur 
through the lymphatics. While this fact seems admissible, it 
has not been verified.’^ Again, pathological conditions of the 
stomach, pancreas, or spleen may supply the portal vein with 
pathogenic elements. In the normal subject, however, the liver^ 
tissues per se are totally isolated anatomically from any of the 
structures that come into contact with exogenous bacteria, pre- 
cisely as th(?y are in other organs: the muscles, the heart, etc. 
d’hat its blood-stream affords protection from disease is un- 
doubted, however, judging from the leucocytes that are con- 
stantly entering the organ, and the perivascular lymphatic 
channels. That the portal vein is also an important field for 
the splitting of toxalbumins and their reduction to harmless 
bodies we shall also see. But it seems quite clear that the liver 
itself is not primarily a germ-killing organ, and that its at- 
tributes are essentially chemical. This removes the hepatic 
(‘('11 still further from the functions now attributed to it, and 
suggests that the oxidizing substance in the lobular blood- 
vessels may be the main source of the liver\s functional activity. 

This brings us to the consideration of the functions in 
which the oxidizing substance in the blood-plasma acts as a 
reagent. Wo have already reviewed, in tliis connection, the 
synthesis of hjcmoghdnn ; we will now take up and consider 
two equally important subjects: i,G., the origin of urea and the 
conversion of sugar into glycogen. 

Urea and its Formation, — We will first analyze an experi- 
ment by Schroder"*^ in which the liver was taken from a freshly- 
killed dog and irrigated through its blood-vessels by a supply 
of blood taken from another animal. Howell refers to this 
experiment in the following words: ^Tf the supply of blood 
was taken from a fasting animal, then circulating it through 
tlie isolated liver was not accompanied by any increase in the 
amount of urea contained in it. If, on the contrary, the blood 
was (d)tained from a well-fed dog, the amount of urea con- 


Schrofler; Archlv fUr oxper. Pathol, und Pharm., Bd. xv and xix, 1882 and 

1885. 
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tained in it was distinctly increased bv passing it throuiili 
the liver, thus indicating* tliat ilie bloo<l of an animal after 
digestion contains so.nietliing that the liver can convert to 
urea.” 

Considered from niy standiioint, this i'X])(‘rimenl lias an- 
other meaning. During digestion, especially after copious feed- 
ing, as stated above, the entire organism is, to a ('crtain degnn*, 
involved in the digestive process, as shown by the g(‘neral siaisa- 
tion of heat often c.xperienced after such a meal. As livin', 
intestines, pancreas, and spleen, even after gastric digestion 
has passed, are ail operating togethm*, the siipi'arinial activity 
is doubtless enhancetl. In other words, at such tinu*s thi‘ blood 
contains either in its corpuscles or in its serum a more or Ii‘ss 
marked increase of oxidizing substamnn Conversi‘ly, tlu' fast- 
ing dog’s blood — especially if the fasting has binni prolonged 
— is really abnormal blood, in M'hich tin* oxidizing snbstaiici* 
i-^ unusually knv, since suprarenal activity is dt*presse<l M'ith 
that of the rest of the tissues. We have also sinm that, under 
these conditions, the tissues nevertheless continiu* to jibsoih 
their normal supply of oxygen, the blood being tims actividy 
depleted while insuniciently oxygenated. It seems (dear, tlua'e- 
fore, that the blood of the well-fed dog contained more oxidiz- 
ing substance than that of the fasting one. 

That the injected blood taken from tlu‘ widl-fed animal 
should have been the source of the urea-forming sub'^tanci* is 
unlikely. Since the liver alone recidves alimentary wastr-- 
])roducts, it is only \vith blood from the |)ortal vein that snch 
snbstances could have been obtaine<l. dMiis is not sjx-idlieil. 
Tlu‘ urea-forming agent must, therefore, have bi'cn in the 
excised liver’s portal channels, and the nnly availabh* agency 
capable of inducing the reactions involveil a])pt‘ars to be tin* 
oxidizing substance. Experimental evidenci; may be adduced 
to show that such is the case. I consider (he blood ol the 
hepatic artery, as previously stated, as the sources ol sup])ly ol 
the oxidizing substance, since it is directly (hanved ironi the 
cadiac axis. Stewart states that, ^hiltliough the ])ortal vein 
carries a much greater supply of blood than tin* he[)atic artm’v, 
ligation of the latter causes a greater diminution i!i tlie ratio 
of the amount of urea to the total nitrogen in the uriin* than 
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ligation of the former. This seems to indicate that oxidation 
plays an important part in tlie formation of urea in the liver 
(Doyon and Dufourt).^’ 

That the substances thus oxidized reach the liver by the 
portal vein needs liardly to be emphasized. But Foster says: 
^^The introduction of even a small quantity of proteid mate- 
rial into the alimentary canal at once increases the urea in the 
urine, and in the curve of the discharge of urea in the twenty- 
four hours each meal is followed by a conspicuous rise. . . . 

We bavo seen reason to think tliat the proteids of a meal are 
absorbed not l)y the la, (deals, but by the portal blood-vessels, 
and su(*b bodies as leucin probably take the same course. This 
being so, all these bodies pass through the liver and are sub- 
jected to such influen(3es as may be exerted by the hepatic 
ccdls.^’ 

Such bodies of leucin — one of the main products of nitiog- 
onous dissociation — naturally follow the same course. Drech- 
sel has suggested that all bodies of this class — i.e,, leucin, 
tyi'osin, glycocoll, etc. — first undergo oxidation in the tissues, 
and that their ammonia and carbonic acid then combine syn- 
thetically, forming ammonium carbamate, this, in turn, being 
carried to the liver and there transformed into urea. 

It is clear that these ammonia compounds take the course 
outliiKKl by Foster: ie., the venules of the villi, the mesenteric 
veins, and finally the portal veun. That they undergo oxida- 
tion in the blood of these vessels, lunvever, is not likely, for 
they contain probably the most \vatery blood of the organism, 
and that jnost depleted of its oxygen. 

Quite another field of activity is afforded, however, when 
the liepatio lobule is reached ; here the ammonia compminds 
meet the OA'idizing substance brought by the hepatic arteri/s 
capillaries. Taking the ammonium compound referred to by 
Drechsel, for example, the series of reactions outlined by him 
seem to follow in normal sequence: 1. In the portal vein: 
hydrolytic cleavage with the formation of amido-bodies, such as 
leucin, tyrosin, aspartic acid, glycocoll, etc. 2. In the hepatic- 
lobule ca})illari('s and their oxidizing substance: oxidation, 
with the formation of ammonia, carbonic acid, and wMter, fol- 
lowed l)y the synthetic union of ammonia and carbonic acid. 
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forming the carbamate of ammonium. This being deliydraled, 
urea is formed, as shown in the following equal ion;— 


CO< 


oxii. 


— ILO = CO< 


NH.. 

nit: 


That the conversion of iuninonia coin[)oiin(ls into orea does 
occur in the liver is sustained hy experimental phvsiolo^^^v. 
Howell refers to the experiments of SeliriHlfr, in wliieli this 
is demonstrated as follows: ^‘As further ])roof of Ihe nroa- 
forming power of the liver, Schroder found that if ammonium 
carbonate was added to the blood circulating through the liver 
— to that from the fasting as well as from the well-nourished 
animal — a very decided increase in the ui*i‘a always followiMi. 
It follows, from the last exi>eri.ment, that ihe liver-cells are 
able to convert carbonate of ammonimu into urea. The re- 
actions may be expressed by the (‘< [nation : — 


( XH J XO, — 2 1 LO . . CO X, 11,.’^ 


The foregoing facts, considered collectively, indicate that 
the formation of urea in the liver is prol)al)ly accomjdished in 
the following manner, taking DrechseFs sm’ies of r(‘actions as 
standard of the numerous ones of the same class that must 
occur in this organ : — 

Granting that the nitroijenous bodies are absorbed by the 
venules of the intestinal villi and transmitted by the mesen- 
teric veins to the portal vein, the ramifications of which would 
then carry them to the hepatic lobules, tha first rmrlinu irould 
occur in the prelohular portal vessels: i.e,, the nilrof/enous bodies 
would undergo hydrolysis, with the formation of amides, leudn, 
aspartic acid, tyrosin, etc. The second reaction would ff)]lr)w 
as soon as these bodies reached the peric-ellular ca|)illarie3, 
owing to the presence therein of the oxidizing substance sup- 
plied by the terminal branches of the hejiatic artery; in oth(?r 
xvords, further reduction of these bodies by uxidaiion to ammonvi, 
carbonic acid, and water vwuld occur in the pcncellular capil- 
laries of the lobule. The third reaction would seem, like the 
first, to require comparatively inert surroundings: i,e,, a fluid 
not charged with oxidizing substance as is the blood ol the peri- 
cellular capillaries. Such a medium we have, in all likelihood, 
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in the afferent venous eliannels, since it is very improbable 
tJiat ail}" oxidizing substance, so precious in all physiological 
functions — as J have now sliown — should be wasted in vessels 
ultimately ending, via the liepatic veins, in the inferior vena 
cava. Hence, whether it involved a pi’eliminary formation of 
an ammonic carbamate or proceed to immediate synthesis, it 
appears as if the Icnnuial reaction ending in the formation of 
urea occurred in the efferent venous hepatic channels. 

^J'lie salient ])oint of this series of reactions is the fact 
that, contrary to the general belief, they all occur ^ not in the 
hepatic cells, hut in the hlood-slreani of the lobular capillaries. 
'J'lie following facds show this to be the case: ft is clear that, 
if urea is formed in ti*ansit througli the vessels of the organ, 
it should appear as soon as, or at least soon after, its causative 
ag(‘ncies are inti’odiu-ed in the porlal system. We will recall 
l!i(? (]uotatioii from lh*ofessor Foster's text, in which he says: 
‘‘The introduction of even a small (quantity of proteid mate- 
rial into the alimentary canal at once increases the urea in 
th(‘ urine, and in the curve of tJie discharge of urea in the 
twenty-four hours each ineal is followed by a conspicuous rise, 
etc/’ When we consider that the entire circulatory circuit 
o('cuj)i(‘s but twenty-six seconds, the cause of the rapid appear- 
an(»(i of urea — heretofore unexplained — becomes apparent. 

When the role of the oxidizing substance in the produc- 
tion of uric acid from the alloxuric leases was analyzed in the 
third cha|)ter, uric acid was considered as the end-product of 
a series of reactions in wliich, according to modern views, these 
toxic nuclein derivatives were converted into benign ones. iVll 
nitrogenous })roducts being transferred to the portal system, 
it now seems clear that normally the reaction must occur in 
the intercellular capillaries of the hepatic lolmles, and that it 
is Avhen this oxidation process in the liver is inadequate that 
the so-called “uric-acid diatliesis’’ symptoms occur. As uric 
acid leavc‘S the organism, as does urea, by the urine, it is 
('vid(mt that we are again dealing with a function totally dis- 
connected from the he])atic cell per se. Again, we have re- 
peatedly seen, in the preceding cha])ters, that the elimination 
ot })hos]ihorie acid was increased by the administration of 
suprarenal, ])ituitarv, and other organic extracts and by various 
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drugs. As we liave seen, increased excretion hv the kitlneys due 
to drugs always coincides with suprarenal o\ tuactivit v, hence 
with enhanced oxidation. It thus hecoiues a])parent that many 
conMituents of ike urine, normal and abnormal, (hr oriyln of 
wkicli is obscure, are ronneried iritk rarialions in (hr oxidalitni 
processes in ike inlerreflular capillaries 0 / ike lirei\ caused by 
corresponding fiucluations in the funclional adirity of the 
adrenals. 

Glycogen and d:s Formation. — (ilycojj:en ol)viouslv rianoves 
our inquiry from ilie arteriole to tlie hej)alic cell, since* this 
organ is that in which it accumulaies ; hut we must not lose 
sight of the important fact that two ])roc(*ss(‘s arc* involved in 
tlie analysis, — (1) the formation (»f the glycogen ami (vM its con- 
version into dextrose, — and that tlie latter r(*a(‘tions must 
occur in the vascular channels. Again, the tirsi. jirocess seians 
sc boumi u|) with the format ioii of flu* bile that it b(‘conM*.s 
necessary to consider this subject simultaucoiisly to avoid r(‘])(‘- 
tition. 

Mdie sponge-like constructiim of the liepalit- (cll dm* to its 
vacuoles, the delicate canals d(‘scrib(‘d by d. W. ami K. 11. 
Fraser, Browicz, and Scluifer, and, linally, the bih'-collecting 
vacuole, or vesicle, leading through its own canalicidi to the 
perilobular bile-cajiillaries, does not apjiear to ail'ord much 
room for protoplasm capable of undergoing functional metabo- 
lism, since this would have to be embodied in the paiditions 
separating all these cavitic'S. ^"et, were it otherwise, t!u* 
nucleus — often dnjdicaled, ])articularly in h(‘rbivon)iis animal-, 
almost one-third in size that of the entin* cidl, and containing 
nucleoli — ^^vould represent a useless structure. It seems (‘vi- 
dent, judging by the ap])ea ranee of the cell as a whole*, thei’i*- 
fore, that the nucleus, wliich, as we have sec'ii, is siiri’oimded 
b}' a thin limiting layer of protoplasm, must impart its energy 
to this layer. Tliis, in turn, being the central t(‘rminal ol all 
the partitions, which, along with the c(‘l!'s own jiseudocovering, 
are protoplasmic, the vacuoles become recc])tacles, a.s it were, 
of the products of their walls. 

Again, when we behold the minute canals so clearly shown 
in Schafer’s illustration (sliown on page JMO) a direct (‘ommu- 
nication with parts external to the cell is evident in several 
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places, and it seems clear that, if his carmine gelatin could 
penetrate through these, so could an equally viscid substance, 
and with still greater ease, the blood-plasma. As ‘^no injection 
in the intercellular bile-canaliculi nor in the perivascular lym- 
phatics nor between the cells’’ could be detected, the penetra- 
tion of the gelatin can hardly lie ascribed to undue stress. 
^‘There being,” also, ^‘no dilfusion of carmine nor any staining 
of the cells or nuclei by carmine,” the nucleo-mural net-work to 
which I refer must be an independent structiu’e, circumscrib- 
ing two kinds of cavities: the canals and the vacuoles. The ca- 
nals communicating with the exterior of the cell, they are prob- 
ably the receiving cavities, while the vacuoles, their neighbors, 
are the spaces in which the useful 23roducts of metabolism are 
accumulated. The canals themselves, continuing until Kupf- 
fer's vesicle is reached, would thus pour their excretory con- 
teiils — bile and its various constituents — into this cavity, and 
this, in turn, would convey them to the intercellular bile-capil- 
laries through its own canals. 

Whether so direct a connection between the intercellular 
capillaries and the bile-channels through the cell exists is a 
point to be determined. Bile and the various bodies excreted 
with it would be voided as are the intestinal contents, the 
canalicular walls taking uj) certain elements, while j^liysiolog- 
ical substances would be mixed witli the substances in transit 
for definite purposes. 

Tlie tirst (|uestion that suggests itself is the following: 
Is glycogen formed during the active functional activity of the 
liver (during digestion) or during its passive state (between 
meals) ? W'e have seen that the production of urea is increased 
immediately after a meal; we have evidence, therefore, that an 
active state based upon increased oxidation processes must 
prevail, and that it is during digestion that the substances out 
of which glycogen is formed reach the liver, i.e,, while the 
oxidizing substance is present in the capillaries. This suggests 
that the oxidizing substance must itself take part in the forma- 
tion of glycogen, though perhaps indirectly, and also in the 
elaboration of bile. 

The main coloring constituent of bile, bilirubin, I have 
previously considered as the product of a reaction in the inter- 
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cellular capillaries. As siich it is probably eliminated with tlie 
bile merely because its high oxygen constituent places it be- 
yond the limits of further oxidation. Yet we have in another 
component of bile, biliverdin, evidence tliat some oxidizing 
process occurs during the passage of bilirubin through the 
cell, under certain circumstances, — perliaps when more oxidiz- 
ing substance is present, — for Howell says: ‘'Hiliveu-din is sup- 
posed to stand to bilirubin in the relation of an oxidation 
product. Bilirubin is given the rormnla, 
biliverdin, latter being prepared readily from 

pure specimens of the former by oxidation.^^ 

With this evidence that oxidation does ])lay some role 
of tlie processes involved, it will facilitate my task to britdly 
review the mutual relations of main biliary const itiamts. By 
far tlie larger proportion of these is made up of ilu‘ bile acids, 
namely: the sodium salts of cholic acid,— f.c., glycocholic and 
taurocholic acid. These are obtained from cholic a(*id drrirvd 
iisidf from sugars and fats (Voit). Now, Ta|)])(‘incr'’- found 
tljat cholic acid yielded fatty acids on oxidation, and, since 
taurocholic and glycocholic acids are fatty acids, tliis snggi^sls 
that they become such during their passage through the hepatic 
cells and as the result of an oxidjilion ])roc(‘ss. 

The various phases of the process in tlie hepatic cells 
become clear when the oxidizing substance is included as one 
of the intrinsic factors involved. The blood-jdasma of the 
portal vein contributes the sugars and fats (along with the 
waste-products to be excreted), while the hepatic artery siip- 
Ijlies plasma containing the oxidizing substance. All three 
active agents meeting in the canaliculi, a part of the sugar 
(according to the proportion of oxidizing substance present) 
and all the fat (if the proportion of oxidizing substamx* is not 
abnormally reduced by suprarenal insutliciency) are oxidized 
into cholic acid. But, as the blood also contains glycocoll 
(probably collagen-cartilage, mucin, connective tissue, and 
gelatin-waste), glycocholic acid is formed. Again, since the 
blood likewise contains taurin (probably muscle and pulmonary- 
tissue waste), taurocholic acid is formed. Just the amount of 
oxidizing substance necessary being supplied by the hepatic 


®®Tappeiner: Zettschrift flir Biologie, Bd. xii, S. 60, 1876. 
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artery to each lobule, to j)roperly regulate the functions in- 
volved, only the required sugar is burnt by the oxidizing sub- 
stance. The rest, under the influence of the nuclei of the 
hepatic cells and the mural protoplasm of the latter, is con- 
verted into glycogen and collected in the adjoining alveoli. 

But Ave must also account for the elimination of the many 
waste-products that are found in bile. An interesting feature 
connected with these fatty acids is that they can combine 
synllK‘tically with other bodies, even with protends, while they 
ai*e simultaneously able io emulsify the more insoluble soaps 
and other fatty acids and thus insure their elimination. Again, 
clioh'sterin, maiidy derived from the while matter of tlie 
cerebro-spinal axis and nerves (Flint), in which it occurs in 
abundance (Foster), was formerly considered as a fatty sub- 
si ance ca])able of undergoing saponification, but it is now 
class(*d among alcohols: tlie only alcohol that occurs in the 
organism in a free state. This body is not only soluble in 
solutions of the biliary acids also, but it cowhines with acids, 
including glycocliolic acid. The importance of this fact appears 
A\'hen it is recalled that insuineiency of glycocliolic acid in this 
connection — and also, perhaps, of oxidizing substance — is the 
main source of gall-stones. The cljolesterin being a constant 
constituent of bile, when there is not enough glycocliolic acid 
ju'csent to take it uj), it is precipitated in the gall-bladder and 
there forms the calculi of which it is the main component. 
Another body derived from nervous structures, but which, like 
(‘holesterin, is to be found in other fluids, especiall}" blood- 
serum, is h'cithin. This body, besides others not mentioned, 
oidy occurs, iiowever, in very limited proportions. 

It is now evident that glycocliolic acid and taurocholic 
acid should be looked upon as futiciional acids, in the sense 
that they are not only vehicles for waste-products of metabo- 
lism, Init are also capalile of sulunitting them to dissociating 
reactions under the influence of the oxidizing substance. They 
are sources of energy precisely as myosin ogen appears to be a 
source of energy, and capable of becoming factors of combus- 
tion phenomena when in contact with the latter substance. 
They are also truly physiological in the sense that they serve 
to rccov(U’ or economize those products which can again be 
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used by the organism. Indeed, they (or at least a part of their 
decomposition products) are again absorbed by tlie intestinal 
mucous membrane, and, passing througli the venous cliannels. 
probably take up therein and transfer to the hepatic cells what 
waste-matter they are to carry to the intestinal tract. Wo 
thus have in the cellular canaliculi two acids endowed with 
powerful affinities and an active reagent, the oxidizing sub- 
stance, to account for the processes of a cliemical nature con- 
nected with the functions of the hepatic cell. 

Of course, all this involves the necessity of showing, as a 
controlling factor, that products of combustion are also pres- 
ent. The following lines by Professor Howell giv(‘ this f(*atur<* 
due empliasis; referring to bile, he says: ‘‘The secretion con- 
tains also a considerable, fhoufjh variable, (fuantili/ of CO.^ e/as, 
held in such loose coiubination that it can be extracted with a 
gas-pump without the addition of acid. The presence of this 
constituent serves as an indication of the extensive metabolic 
changes occurring in the liver-cells.’’ 

Again, the element of nervous control im|)lie(l when I 
referred to the oxidizing substance contributed by the hepatic 
artery must be shown. We have seen that the vagus was tin* 
active nerve during functional activity of the stomach; that it 
should likewise govern hepatic functions is obvious. That su(*h 
is the case is sustained by no less an authority than (fiaude 
Bernard, to whom we ow'e the disi'overy of glycogen — ^one of 
his greatest achievements — and whose conceptions have b(*en 
almost all sustained by all the labor bestowed u|)on them since. 
He not only found that the vagus was the jjredominating nerve 
in the liver, but that its section also su])press(*d its glycogenit! 
function. 

The fate of glycogen, its conversion into sugar for the use 
of muscular and other tissues, may now be analyzed witli 
greater facility. 

"^^y analysis of muscular functions led me to tin? dediudioii 
that the contractile elements contained a substiince, myosino- 
gen, which, 'when brought into contact with the oxidizing sub- 
stance of the plasma, became the source of the muscle’s work- 
ing energy. Ample evidence was afforded to sliow that wo 
were dealing with an oxidation process, the intensity of whicli 
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was commensurate with tlie amount of blood that the arterioles 
supplied to the contractile tubular elements. There seems to 
be considerable analogy between this process and that which 
prevails in the hepatic lobule. Howell alludes to this in the 
following words, which well recall the fact that we referred to 
glycogen as the main constituent of myosinogen: ^^The history 
of glycogen is not complete without some reference to its oc- 
currence in the muscles. Glycogen is, in fact, found in various 
plac(?s in the body, and is widely distributed throughout the 
animal kingdom. It occurs, for example, in leucocytes, in the 
placenta, in the rapidly-growing tissues of the embryo, and in 
considerable abundance in the oyster and other mollusks. But 
in our bodies and in those of the mammals generally the most 
significant occurrence of glycogen, outside the liver, is in the 
voluntary muscles, of which glycogen forms a normal con- 
stituent.” 

The similarity between muscular and hepatic sources of 
energy is further emphasized when, in the following paragrapli, 
Howell says: ^Hn accordance with the view given above of the 
general value of glycogen — namely: that it is a temporary 
r(‘servc-supf)ly of carbohydrate material that may be rapidly 
converted into sugar and oxidized/*^ with the- liheration ’ of en~ 
ergij — it is found that the supply of glycogen is greatly affected 
by conditions calling for increased metabolism in the body. 
Muscular exercise will quickly exhaust tl)o supply of muscle and 
liver glycogen provided it is not renewed by new food. In a 
starving animal glycogen will finally disappear, except perhaps 
in traces; but tliis disappearance will occur much sooner if 
the animal is made to use its muscles at the same time. It 
has been shown also by Morat aixl Dufourt that, if a muscle 
has been made to contract vigorously, it will take up much 
more sugar from an artificial supply of blood sent through it 
than a similar muscle which has been resting; on the ‘other 
hand, it has been found that, if the nerve of one leg is cut so 
as to paralyze the muscles of that vside of the body, the amount 
of glycogen will increase rapidly in these muscles as compared 


^ The Italics are our own. 
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with those of the other leg, tliat liave been eontraeiing ineaii- 
time and using np their glveogen." 

These facts clearly indicate that oxidation processes are 
not in order liere, since glycogen is a source of energy, intended, 
therefore, for subseciucnt oxidation wherever it is distributed. 
Indeed, Professor Foster remarks, in this connection: ‘‘It was 
formerly believed that this sugar iinderwTnt an iininediate and 
direct oxidation as it w^as circulating in the l)lood. ... It 
is sufficient for us at the present to admit tliat the sugar is 
made use of in some w'ay or other.'’ deferring to the ])hvsio- 
logical uses of glycogen, he also says: “The main ])urpose of 
the deposition of glycogen is to alford a store, eitlier general 
or local, of carbohydrate material, which can be packed away 
without much trouble so long as it remains glycogtai, l)ut which 
can be drawn upon as a source of solui)l(‘ circulating sugar 
wdicnever the needs of this or that tissue demand it." 1’hat 
the oxidizing substance has nothing to do with the j)rocess is 
clear. 

The conversion of glycogen into sugar in tin* liver appears 
as a wasted function, the carbohydrates having Ix'cn already 
split into dextrose or dextrose and levulose in the ])ortal sys- 
tem. Why they do not merely pass on to th(» several tissms 
seems strange. But it soon becomes evidemt that, w'cre it 
otherwise, sugar would accumulate, then lx* excreted by the 
kidneys, and lost, since there can only be a fi\(‘d and limited 
(0.1 or 0.2 per cent.) amount of sugar in the circulation at a 
given time. So useful a substance is, therefore, stored, after 
dehydration, in the hepatic cell as glycogen, and converted into 
sugar according to the needs of the organism. 

Conversion of the liver glycogen into dextrose is generally 
ascribed to a special ferment, thought to originate in the liver, 
but the nature of wdiich has remained undetermined. The 
experiment of Claude Bernard, upon whicli this view is mainly 
based, is the following, as related by Stewart: rabbit, alter 

a large carbohydrate meal — of carrots, for insiance — is kilh'd 
and its liver rapidly excised, cut into small pieces, and thrown 
into acidulated boiling water. After being boiled for a few 
minutes the pieces of liver are rubbed up in a mortar and again 
boiled in the same w’^ater. The opalescent aqueous extract is 
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filtered off from the coagulated proteids. No sugar, or only 
traces of it, is found in the extract, but another carbohydrate 
— glycogen, an isomer of starch, giving a port-wine color with 
iodine and cajiable of ready conversion into sugar by amylolytic 
ferments — is present in large amount. Again, the liver, after 
the death of the animal, is left for a time in situ, or, if excised, 
is kept at a temperature of 30° to 40° C. or for a longer period 
at a lower temperature; it is then treated exactly as before, 
but no glycogen, or comparatively little, can now be obtained 
from it, although sugar (dextrose) is abundant. The infer- 
ence plainly is that after death the hepatic glycogen is con- 
verted into dextrose by some influence which is restrained or 
destroyed by boiling. This influence may be due to an iin- 
fonned fcrnient or to the direct action of the liver-cclls, for both 
unformed fiuTuents and living tissue-elements are destroyed 
at the temperature of boiling water.^’ 

Another explanation suggests itself to me if, instead of a 
ferment of hepatic origin, we hypothetically nsc one of ex- 
ternal origin: In the first procedure immediate immersion in 
boiling water destroyed the ferment which happened to be in 
the blood-vessels, while, in the second, the ferment was given 
time to aid. Tlie dilference in the conclusions vouchsafed is 
simpl}^ this: no thought being given to the blood-vessels, the 
ferment could only be considered as of cellular origin. We 
have seen how many functions ascribed to tlie hepatic cells 
really belonged to the intercellular blood-stream ; this seems 
to be an additional one. 

Admitting that wo are dealing witli a ferment of external 
origin, from which organ could we expect it to be derived? 
Can we attriliuh' the jirocess to fennents from the salivary 
glands or pancreas? If it is produced only by digestive fer- 
ments, — /.c., amylolytic ferments poured out during digestion, 
— why does glycosuria appear irrespective of any digestive 
process when tlie floor of the fourth ventricle is punctured, as 
shown l)y ( flaude llernard ? Tie also found that conversion of 
glycogen into sugar was a continuous process, carried on to 
suhs(*rve the needs of tlie organism : a perfectly logical con- 
clusion if the livin’ is really a storehouse for this substance. 
Again, the quantity of sugar in the blood, as xve have seen. 
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is small, but constant. How could we account for these feat- 
ures of the problem with ferments transmitted through the 
digestive tract ? 

Finally, sugars thus produced — i.c., from amylolytic fer- 
ments secreted by the digestive tract— do not seem to be 
(lextr’ose, the sugar j)ro(liU'cd by the supposcnl hepatii* ferment. 
Thus, Professor Foster says: 'Mn Hit' east' of the amylolytic 
ferment of saliva, jiancreatic juice, intt' tina! juice, ami, in- 
th'cd, of all other ainylolyrK' animal Iluitls, the sugai* into whit'h 
starch or glycogen is convt'rtt'tl is nmllofic. Xt>w, the sugar 
wliicli appears in the liver after death is dextrost', itli'iitical, 
as far at least as can at jirest'iit hi' matle out, with onlinary 
dexirose/* It is evidt'ut that a ft'rmi'iit othei* than the. amy- 
lojisin connectetl with the digestive process must he (lit' active 
one, and that it must reach tlu' liver by a channel othtn- than 
the intestinal trcU't, tlu* villi, etc. Again, it must ht* very 
nearly similar to the salivary and pamu’eatit^ amylolytic ler- 
mcnts. The salivary glands are so rt'molt* anatomically that 
they can hardly he considert'd ; we art' brought, tlu'refore, to 
the pancreas as the only organ whit'h eouhl act as stmree of a 
ferment or diastase having for its main function to convert 
glycogen into dextrin. 

As shown by von Jlehring, Minkowski, and de Dorninicis, 
ri'Mioval of the pancreas eaust's marked glyetisnria, and this 
jiersists whether the animal he given earlmhyt! rates or imt. 
All the other symptoms of diabetes inellitus ajipear, — namely: 
increased flow of urine, considerable nrea, at'ctone, etc.; greut 
thirst and hunger, emaciation, marked mnscuhir weakness, — 
followed by deatli in two to four weeks. Indeed, we an; vividly 
reminded of the suprarenal glands, on ascertaining that graft- 
ing of a piece of pancreas in the abdomen or skin will arrest 
the glycosuria, and that, if a small portion of tlie organ is left, 
the symptoms will disapjiear. Again, whetlier carbohydrates 
are given as food or not, the glycogen disappears from the 
liver. “We may believe, from these experiments,^’ says Ilowidl, 
“that the pancreas produces a substance of some kind that is 
given off to tlie blood or lympli, and is either necessary for 
the normal consumption of sugar in the body or else, ns is 
held by some, normally restrains the output of sugar from the 
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liver and other sugar-producing tissues of the body. What 
this material is and how it acts has not yet been determined 
satisfactorily.^^ That we are dealing with an internal secre- 
tion is clear, and, such being the case, the secretion probably 
passes out into the blood by the pancreatic vein, which ^^opens 
into the splenic and mesenteric veins.^^ As these open, in turn, 
in the portal vein, the pancreas would then supply a special 
ferment for tlie conversion of glycogen into a functional sugar. 

If the foregoing symptoms are closely scrutinized, it soon 
becomes apparent that the functions of the pancreas — as will 
be shown in the next chapter — are far more important than is 
generally believed. For the present, however, we will limit our 
inquiry to tlie subject in point. 

The fact that, notwithstanding the ingestion of carbo- 
hydrates, the glycogen will totally disappear from the liver is 
easily accounted for. A prominent function of the pancreas 
during intestinal digestion is to transform starcli.es into malt- 
ose, to insure absorption of this sugar. When the organ is 
removed, therefore, its amylopsin is no longer furnished to the 
intestinal contents, starches are not properly converted, and 
the portal vein carries no maltose to the hepatic lobule. The 
production of glyc'Ogcn, therefore, ceases. The fact, however, 
that we can so easily account for this plienornenon suggests 
that : — ■ 

1. The pancreas is the organ upon which all the preliminary 
functions connected with the formation of glycogen depend, 

2. Its amyl opsin converts starches in the intestine to pre~ 
pare them for the eJahorniion of glycogen in the hepatic cell. 

Its internal secretion, supplied to the portal system by 
way of the sple?iic vein, converts glycogen into dextrose. 

That we are on the right path is suggested by a scries of 
experiments by Croftan,”'^ in which the conversion of glyc- 
ogen into sugar was obtained by means of injections of supra- 
renal extract: ^Tncomplete as these experiments are,^^ says 
the author, “they reveal the fact that the injection of supra- 
nuial extract can cause the excretion of dextrose provided the 
quantity inject<»d is sufficiently large, Wliy in the case of one 


CroftuD: American Medicine, Jan. 18. 1902 
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animal more must be given than in the case of another to pro- 
duce approximately tlie same excretion is uiulecided and re- 
mains to be determined/^ Dwelling upon tlie presence in the 
adrenals of a diastatie ferment, he states that ‘‘two possibilitii's 
may present themselves, viz.: either the siiprarenals manu- 
facture a diastatie ferment or they retain the diastatie ferment 
that is formed elsewhere in the body (pancreas, salivary glands) 
when it is carried, to them in the bhKid- or lymph- stream/' 
The author also refers to the investigations of F. HIiim/""‘ who, 
^‘testing the effects of suprarenal extract empirically," discov- 
ered ^‘^glycosuria in 22 out of 25 animals that he operated on." 
My interpretation of tlie manmn’ in which these invest igaiors 
reaclied their results is, of course, not tliat of Croftan, since, 
as 1 vieiv the process, the oxidizing snl)siance coiist it iiles tin* 
active suprarenal agency as a compound of suprarenal secretion 
and oxygen. 

We are dealing with enhanced ])hvsiologieal activity some- 
where, Indeed, Croftan says: ‘‘In order that hy|H‘rgly(‘osuria 
be produced the amount of sugar normally jioured into the 
blood must be increased, or the amount normally <h‘stroy(Ml 
must be decreased.^^ That excessive activity was (dther |)ro- 
cured by the injected extract or by overstimulation of th(‘ 
adrenals, both leading to total insufliciency, is shown by the 
brief history of one of the animals: ‘‘H'lKi s(*co?h1 rabbit died 
in one hour and ten minutes; here some spnsmodir symptoms, 
involving chiefly the posterior extremities, precedf'd the eoma. 
Referring to two rabbits, including the latter, the lirst having 
died in two hours and forty minutes and to “all othe?\s to he 
spoken of presently^^ (six, all told), he says: “Dextroses was 
identified in the urine by its euprie-redueiug jKiwers and the 
phenylhydrazin test; in one of the dogs in addition ])y circMun- 
polarization and yeast fermentation. The substance excreted 
was undoubtedly dextrose. The amount excreted would be fai 
too large to be explainable by a splitting of the jeeorin-like 
substance mentioned above; it would not, moreover, be pos- 
sible for considerable quantities of dextrose derived from this 
source to appear in the urine for several days after tlie injec- 


“F. Blum: DeutscLe Archiv f. klin. Med., Oc-t. 31, 1901. 
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tion/^ Excessive stimulation by a great increase of oxidizing 
substance in the blood evidently occurred. As soon as the 
extract was injected it was carried to the lungs^ and lost its 
individuality immediately therein by taking up oxygen. It 
could no longer, therefore, act as a diastase. 

The question now to decide is this: General stimulation 
enhanced the production of an araylolytic ferment either by 
the liver or by the j)ancreas. To which organ can we ascribe 
this function? Since oxidation destroys sugar, a great excess 
of oxidizing substance in the blood would burn sugar actively 
on all sides and produce the opposite of glycosuria: i.c., ex- 
cessive combustion and rapid disaj)pearance of ttie liver gly- 
cogen througli abnormal use of it in the other organs. Eut 
here w'c have, as a result of a great increase of oxidizing sub- 
stance in tlio blood, marked glycosuria, and that evidently 
without preliminary feeding, since this fact is not mentioned 
by Groftan, As the oxidizing substance does not aH'eci gly- 
cogen, that of the liver could not be converted by it into sugar; 
lienee the excessive production of the latter can only be ac- 
counted for by an equally excessive production of amylolytic 
ferment. 

Claude Bernard showed that conversion of glycogen into 
sugar iook place more rapidly when the blood was made to 
traverse the liver with unusual s|)eed. Yet he attributed the 
formation of the ferment to the liver, having obtained it from 
|)ulp rubbed up and treated with glycerin, after the liver had 
been washed out so as to remove the vascular contents. But it 
s(*ems clear that injections by the portal vein will hardly deplete 
the liver of every particle of the ferment in its minute lobular 
cajiillaries, wliile redu(;tion of its sulistance to pulp and a three 
days’ immersion in glycerin will dissolve all that contained in 
the latter. When we consider how readily conversion can be 
produced, — even by traces of soluble albumin, according to 
Seegen, — it is evident that upon the addition of water to the 
glycerin solution the very small proportion that may have re- 
inained imprisoned in sonic of the lobules will suffice for the 
conversion of glycogen. 

One of (daude Bernard’s experiments seems to mo to afford 
proof that the amylolytic ferment reaches the liver througli 
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the portal vein. By ligating tlic latter vessel he created a 
collateral circulation, and sliifted the portal-blood stream into 
the general circulation. Ten or 12 grammes ot* sugar wore 
then given to the animal, and sugar was soon found in the 
urine. In a normal dog, on the other liand, 50 to SO grammes 
had to be administered before this result was obtained (M. 
DuvaP^’’). The absence of sugar in tlie latter animars urine 
until a very large quantity of sugar Iiad been ingested dis- 
tinctly shows that ('onvcrsion of its (jhjcoHi'n only otrurriMl 
bmiuse its portal vein was open; in the other dog it was not 
converted glycogen that passed into the urine, but maltose, 
/.e., intestinal starch v.liich had been snbinitti'il to the action 
of the pancreas’s intestinal ferment, — i.e., ainyloj)sin. If W(‘ 
now couple the fact that conversion of liv(‘!‘-glvcog(*ii only oc- 
curs when the portal vein is frec^ with (Mainb* Uernard’s ob- 
servation that increased s])eed of the ])ortal blood through tla^ 
liver causcvs the glycogen to be converted more rapidly, it seisms 
clear that the ronversion prorrs,^ t.s* not due to an hepatic fer- 
ment, and that the pancreas supplies, as an internal seereiion, 
the ferment which converts (jlycofjen into dextrose, 

A i)erplexing feature of all this r(*(|i]ires elncidalion. how- 
ever. If, as we have stated, the blood-plasma contains an 
oxidizing substance, why is the sugar not o\idiz(‘d on its way 
to the tissues of distribution? Annand Oautiei*'’^ riders to the 
investigations of Jaquet, which demonstrati'd that sugars 
mixed with blood containing the oxidation lerinent previously 
referred to, and which we found to be of supra rimal origin, 
did not become oxidized. Tic ascertained, how(‘ver, that uj)on 
adding to the blood a small quantity of fine pul]) of rnuscli', 
lung, or of any other organ, the oxygen was absorbed. Tliis 
obviously indicates that dextrose passes throufjh. the hfood with- 
out being destroyed, and it can only become oxidized after com- 
bining with bodies produced by the organs to which it is dis- 
tributed. 

General Functions of the TAver, Spleen, and Pancreas,— AW 
the facts reviewed in this cliapter suggest the following conclu- 
sions as to the functions of the liver, spleen, and pancreas. 

“ M. Duval: Lot'. rU,, p. 378. 

M Armand Gautier: “La Chimle de la Cellule Vlvante.” p. 
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1. The hepatic artery, owing to the oxidizing substance 
(adrenoxidase) that its plasma contains and the mode of dis- 
tribution of its terminal capillaries, supplies the exogenous 
chemical energy which initiates and sustains all reactions in the 
hepatic lobule that require oxygen, 

2, The nervous supply of the liver is composed, first, of 
terminal subdivisions of the vagus, which enhance the activity 
of all its functions by causing dilation of the hepatic arteri- 
oles; and, second, of terminat subdivisioiis of the sympathetic, 
tchich, by causing constriction of these arterioles, reduce the 
funciional activity of the organ. 

d. In the normal subject the liver is anatomically isolated 
from structures that come into contact tvith bacteria, and pro- 
tected against their intrusion by the bactericidal products of the 
intestinal y hinds and follicles, 

Jf. The capillaries of the hepatic lobules, owing to the ad- 
mixture therein of the hepatic artenfs oxidizing substance 
(adrenoxidase ) with the ]H)rial veins waste-laden blood, are the 
seat of several funclions now ascribed to the hepaiic cell, 

f). lllood-pigmenls and iron, derived from the intestine and 
spleen, simultaneaushf penetrate the hepaiic lobule, and com- 
bine with Ihe adrenoxidase therein to form haunogiobin. The 
nneomhined pigment is eliminated with the bile as bilirubin, 

0. Urea is Ike end-product of three successive iractions, 
riiz., (1) nilrogenous bodies are reduced to amides in the afferent 
reins, — mesrnirric and portal; (2) the amides are dissociated 
into ammonia, carbonic acid, and water by the oxidizing sub- 
stance (adrenoxidase) in ihe hepatic lobule ; (2) urea is farmed 
by synthesis in the elJcrent veins, — hepaiic and vena cava. 

7, The hepaiic cell contains, besides its vacuoles and nuclei, 
uttmerous canal iruli ( Schafer) and a vesicular vacuole which 
opens in to (he hit e-capillaries by a cmiali cuius (Knpffer); the 
caimliculi and the vesicular vacuole are probably connected. 

tS. Glycocholir acid and iaurochoHc acid are f unctional axids, 
inasmuch as they dissociate and appropriale waste-products, and, 
under the influence of the oxidizing substance, convert them into 
excrementitious products in the canaliculi of the hepatic cells, 

9. The waste- products so converted by the biliary acids and 
the latter themselves, constituting bile, are transferred, along 
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with other products for which the latter mat/ serve as vehicle , — 
biliruhin, earthy salts, etc,, — to the vesicular vacuole of the cell 
and eliminated by the canaliculus that opens into (he bile^ 
capillaries. 

10. The biliary acid.% blood-pigments, iron, and other hoilies 
or any of their components, that may prove useful to the or- 
ganism are, entirely or in pari, reabsorbed by the intestinal 
ven/ides and returned to the portal circulation. 

11. The sugars converted from inleslinal foodslufj's in the 
intestines are brought to the he]>aiic lobule with the portal blood, 
and penetrate the canalicuH with the taller and with the (U'i- 
dizing substance. During the bile-forming reaciion the sugars 
are dehydrated, and, probably with the a,ssistance of the cellular 
protoplasm, converted into glycogen. 

12. The liver glycogen is converted into de.rtrose by ati 
amylohftic fermeni supplied by the /mnereas as an internal 
secretion, vdiich enters the portal circulation by the splenic vein. 

IS. Dextrose is distributed to the organs in which it is 
used as a source of energy by the bloody and only becomes vul- 
nerahle to oxidation when combined with products of metabo- 
lism furnished by those organs. 
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THE INTERNAL SECRETIONS OF THE PANCREAS 
AND SPLEEN. 

Glycosuria and Overactivity of the Adrenal System. 
— ^The pancreas and sj)leen are conshlored togetlier because 
there is consideraI)le evidence in favor of tlic view tliat tliey 
are functionally associated; and it is to give the analysis of 
this (juestion and its relationship with the ferments furnished 
by tlie ])aiKTeas to the portal blood flue prominence that we 
have, under other headings, considered the better-known func- 
tions of both organs. 

''To sustain our belief that liver glycogen is converted into 
dextrose by an amylolytic ferment supplied by the pancreas 
whicli pcnetrat(*s the portal vein directly, — i.c., by ivay of the 
splenic vein, — we were fortunate in having at our disposal the 
experiments of Groftan, which showed that suprarenal over- 
activity could so augment the functional activity of the fer- 
ment-producing organ as to induce a very great inci'oasc in 
the sugar eliminated. This feature requires further study, 
since it will tend to elucidate other functions of the pancreas. 

We believe that we have conclusively shown that certain 
drugs and poisons increase the functional activity of the ad- 
renals. The uniformity of the phenomena traceable to these 
glands under the influence of such agents seems to us to warrant 
the conclusion that, if we can demonstrate that glycosuria is 
also subject to the latter, its fluctuations following those of 
the suj)rarenal activity or insufficiency induced by them, a 
direct connection between glycosuria and suprarenal over- 
activity will have been shown. Yet we must bear in mind, in 
this connection, that all active drugs may have a primary 
action upon tissues for which they possess a specific affinity 
before the suprarenal protective functions are fully awakened. 
We have vSeen that even electrical stimulation of the splanch- 
nic is only followed by vermicular motions of the intestinal 
wall after some time elapsed. But too much, weight must 
(3G3) 
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not be given this feature, inasiinieli as I liave personally seen 
the typical symptoms of total suprarenal insunieieney occur 
in a dog within twenty seconds after a fatal dose of hydro- 
cyanide of potassium had been administered. Large (piantities 
of the less active drugs are more likely to reach the tissues 
for which they possess a special ])redilection, bromide of 
potassium, for instance, than such an agent as that ])ro- 
viously mentioned. AVhile, tlierefore, we cannot say that ex- 
cessive formation of sugar, Avhen drugs are given, is dm? only 
to overstimulation of the adrenals, we can say that all drugs 
can produce it when they stimulate suprariaial activity. Fur- 
thermore, it seems prohahle that some drugs not only do this, 
hut they likewise, owing to their alhnity for certain tissues, 
enhance the production of sugar by incr(*asing th(‘ fuiu'tional 
activity of the intimate structures of the organs conc('rned in 
its j)roduction from ingested suhstances—thus stimulating two 
different sets of organs simultaneously. Such an agent we 
probably have in pidoridzin. 

In an able and exhaustive review of the subject of toxic 
glycosuria, F. (^artier,' of Thiris, says: ^‘’'Phe symptomatology of 
phloridzin is very limited, seeing that it does not give rise to a 
true intoxication, . . . In man it is even ])()ssihle to bring 

on glycosuria, and maintain it a long time, without giving rise? 
to general disorders, provided a co])ious alimentati(»n is in- 
sured.’^ We have evidence in the last sentence that the main 
general result is an excessive formation of sugar, and, more 
carbohydrates lieing required, it is to an excessive production 
of the converting agent that we must ascribe this idiHiomenon. 
Still, if general symptoms arc absent, what h(*come.s of the 
suprarenal overactivity? Cartier answers this question wlicn 
he says: ^^Yet all authors who liavo studied phloridzin unite 
in saying that the animal experimented upon becomes voracious, 
and, if not overfed, rapidly wastes. • . . When alimenta- 
tion is insufficient, grave phenomena appear. Phloridzinic 
glycosuria has been obtained in animals entirely deprived of 
hydrocarbons; under these circumstances general symptoms 
analogous to those of diabetic coma have been observed.^’ 


^ F. Cartier: Thdse de Paris, 1891. 
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Osier- states that Frerichs recognized three groups of 
eases; two of these are of special interest to us: (a) Those 
in wliich after exertion the patients were suddenly attacked 
with weakness, syncope, somnolence, and gradually deepen- 
ing unconsciousness, death occurring in a few hours, (h) 
Cases with preliminary gastric disturbance, such as* nausea 
and vomiting, or some local alfection, as pharyngitis, phleg- 
mon, or a pulmonary complication. In such cases the attack 
begins with headache, delirium, great distress, and dysjmxm, 
ajfecting l)oth ins|)i ration and expiration: a condition called 
by Kussmaul air-hunyer, CyanoHis may or may not be present. 
If it is, the palse becomes rapid and weak and the patient 
gradually sinks into coma, the attack lasting from one to five 
days. The need of a copious supply of carbohydrates ob- 
viously points to increased oxidation. Indeed, complete ab- 
sence of glycogen in the liver and muscles has been noted. 
The voracious appetite and rapid wasting further sustain this 
— and simultaneously, therefore, the presence of suprarenal 
overactivity. 4Mie italicized words in the list of terminal 
symptoms, on the other hand, as ju’ominently point to the 
gradually deepening suprarenal exhaustion. 

Alluding to the effects of acids in the production of 
glycosuria, Cartier refers to the experiments of Pavy^ with 
phosphoric acad. An increase of sugar was noted in twenty 
.minutes; fifteen minutes later a large (puuitity was present. 
In another strong, l>ut fastiny, dog the sugar was markedly 
reduced by a smaller dose. Ma'inorrhagic infiltration of the 
gastric and int(‘stiiial tissues and luvmaturia were also noted. 
These are all familiar landmarks of suprarenal origin. Strik- 
ing, in this connection, are the observations of Stadclmann,^ 
wdio found that the j)roduction of CO^. decreased in the rabbit 
during acid intoxications as it does in diabetic coma. In a 
foot-note Cartier says: ^^Voit and Pettenkofer and Gaethgens 
liave peremptorily shown, by means of most precise experi- 
ments, that (1) the oxygen absorbed by a diabetic is much less 
than by a normal man, and that it decreases progressively until 


- Osier: “Praetieo of Medielne,” third edition. 

* Pavy: Ouy's Hospital Reports, vol. of 1861. 

* Stadolmauu: Deutsche iiied. W'^ochenschrift, Nov. 4, 1890. 
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the end of the disease, wlien it is liardly ciiual to half of the 
normal quantity; (2) that the CO., exhaled is likewise redueed;" 
That this is essentially duo to suprarenal insullieieney — ix., 
reduced oxidation — is shown by the fact that, in a case of coma 
due to meningitis witnessed by Stadelniann, the proportion of 
C.'Oa was 28.2 per cent; while in diabetic coma the gradual 
decline is that observed in Minkowski's rabbits, which, from tlu‘ 
normal 25 per cent, steadily dropped to !(>, S.8, then 2.1) ])(‘reent. 

We have seen that tetanus was partly due to adrenal over- 
activit}^ Cartier refers to the experiments of Claude Rernant 
which showed that strychnine produced glycosuria in dogs. ‘Mi 
is unnecessary to reproduce here,'' says (dirtier, “the symp- 
toms of poisoning produced by this alkaloid; we will simply 
say that nothing recalls tetanus to such a high degree as does 
intoxication by it:.'^ We have anotluu* ])roor that it is due to 
an excessive production of a ferment or sonu* otlu'r agency 
possessed of converting powers since LaugendorU' found that 
^‘glycosuria only occurs in frogs wlien th(‘ livcu* contains gly- 
cogen. ... In the summer, when their liver contains none, 
strychnine does not cause diabetes in these animals.” 

Wo are reminded of the disorganization of luemoglohin 
produced by advanced suprarenal insunici(*n('y when, r(‘f(‘rring 
to curare glycosuiia, Cartier says: ‘‘Others account foi* this 
glycosuria by an insulTiciency of the i*cs[)iration and by slowing 
of combustions. The dark coloration of curarized blood indi- 
cates this asphyxia.” Even tlie nervous distribution, a.s I 
interpret it, including the basospinal connection hetwaum the 
pituitary body and the adrenals, finds itself sustained in a 
remarkable maimer by the following lines of Cartier's in nM- 
erence to morphine glycosuria: “An extrcm(*ly ijiterestirig 
fact tliat all these investigations indicate is that one can 
produce with a toxic substance exactly similar phenomena to 
those recorded by Claude Bernard in his lessons at the College 
of France, and obtained by puncture of the medulla, and that 
these toxic glycosurias can in most cases be arrester!, a.s are 
glycosurias of nervous origin, by severing the centrifugal nerve;- 
impulse conductors. Indeed, section of tlie pneiimogastrie 
(centripetal nerve) does not prevent glycosuria caused either 
by Bernardos puncture or by morphine ; but, on the contrary, 
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section of the splanchnic nerves (centrifugal nerves) and of the 
medulla above the origin of these nerves prevents both the 
experimental diabetes of Claude Bernard and the toxic diabetes 
caused by morpliine/^ 

The list of drugs that arc able to produce glycosuria could 
be indefinitely prolonged: it includes all those that produce 
suprarenal ovoractivity. But this does not mean that the fer- 
inent-produciiig oi’gan is alone stimulated ; glycosuria is but 
one of the manifestations of the exaggerated general metabo- 
lism induced, and oxidation processes are enhanced accord- 
ingly. Toxic glycosuria, therefore, only represents the sur- 
])liis of sugar which oxidation processes have not consumed ; 
the excess of sugar actually produced is probabl}" far greater 
than the surplus which the urine shows. Again, certain drugs 
— phos])horus, for instance — do not ])roduce glycosuria to any 
marked degree; as soon as the dose capable of causing it is 
reached, the adrenals lapse into insiiHiciency, and, if the dose 
is pushed to any extent, even the normal ratio is reduced. 
Antipyrin is now considerably employed in diabetes; wc have 
seen that this drug and acetanilid readily produced suprarenal 
insutficieiuy and dissociation of the luemoglobin molecule. 
4'his is sulliciently extensive sometimes to manifest itself as 
metluemoglobinuria or even hamiatoporphyrinuria. All these 
facts s(‘em to nu* to indicate that toxic (/Itfrosuria is primarily 
due to overstimulation of the adrenal system, the excessive func- 
tional activity which increased oxidation produces giving rise to 
an inordiniitc production of an agency that converts glycogen 
into sugar. All these features Avill again be reviewed. 

That tlie agency which converts glycogen into sugar is 
the amylolytic ferment produced by the pancreas to which I 
have referred is further sustained by the foregoing facts, espe- 
cially in view of the amylolytic properties of the pancreatic 
secretion in the intestine. Since the conversion into sugar 
occurs during fasting as well as during digestion under the 
effects of toxics, the reaction can only include the hepatic 
glyc'ogen and pancreatic ferment; and, there being nothing in 
the intestine to convert during fasting, the ferment must nec- 
essarily reach the glycogen by another cliannel. May this not 
he the more direct route afforded hy the splenic vein? 
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Yet there is a possibility that the flow of aniylo|)siii in tlie 
intestine, wliicli the enhanced activity of tlie pancreas must 
undoubtedly increase, may be reabsorbed by the venules, and, 
being carried into the portal system, produce conversion of tlie 
glycogen precisely as if it had entered the portal vein by the 
way of the splenic vein. But we have seen that, while removal 
of the pancreas is rapidly followed by death, very large por- 
tions of the gland can be safely removed. Admitting that the 
operators may have left the portions relatiHl with the pan- 
creatic duct, liow could we account for the elTects of trans- 
planted fragments in arresting the glycosuria caus(‘d by iv- 
moval of the })ancreas, recorded by Minkowski'^' aiul Iledon?'* 
As long as fragments transplanted subcutaneously remained 
normal no glycosuria occurred; it reappear(‘d, bowi'ver, wbiui 
ihese fragments became histologically im|>aired. It is evidtud 
tliat the only channel h(‘re for Ihe amvlolyti(' fernu‘?>t pro(luc(‘(l 
{'ould be the blood. Thus carried to the beaii., it tluai pene 
trated the liver by way of the hefiatic artery, and reached the 
intercellular ca])illari(*s and the glycogen precisely as if it had 
penetrated the organ by way of the portal vein. Although but 
a small (piantity of the ferment could thus rea"h the liver, it 
was evidently suflicient to convert the amount of glycng(‘n 
recpiired to build up the very limited pro])ortion of sugar found 
in the normal blood, as previously shown. Again, W(^ bavt* 
seen that the product of intcstiiial reduction is maltosi*, while* 
the urine of C^roftaiTs animals when stimulated with supra- 
renal extract gave dextrose in very great (pumtilies : a Icatinn* 
denoting successive processes. Tliis and tin? other tacts ad- 
duced appear to me to contribute additional cvidcn(‘(? ti? my 
view that ihe dcxirose-formhifj ferment enters the porUil syslctn 
hy way of the splenia vein. 


THE FUNCTIONAL RELATTONSITIP BETWEEN THE PANCREAS 

AND SPLEEN. 

The internal secretion of tlie pancreas and that of tlie 
spleen may perhaps be i>est studied by submitting to a care- 
ful analysis the liypothesis advanced liy Scliitl, sustained by 


’^Minkowski: Verhandl. d. XI Congr. 

® Hedon : Archives de Physlologle norm 


fOr Inn. TVlrdicin, Wiesbaden, 
. ct path., vol. iv, 19(K). 


1892. 
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Herzen/ and defended by Lepine^ and others tliat the spleen 
supplies a fernient which, when added to pancreatic juice, 
greatly increases its digestive energy. Schiif believed tliat the 
splenic substance played an important part in the genesis of 
the jiancreatic proteolytic ferment, but Herzen attributed to 
it the function of converting trypsinogen into trypsin, the 
albiunin-solving constituent of the pancreatic juice. This 
sid)j(!ct was more recently studied experimentally by Gachet 
and Pacbon," who were led to coiK'lude, as previously suggested 
by Laguesse (181)3) and Schafer (181)5), that the spleen fur- 
nishes a true internal secretion which possesses a special 
aflinily for the pancreas, the jirotrypsin of which it transfonns 
into tryjisin, as suggested by Herzen. This substance loses its 
j)roperties at the boiling-jioint ; is precipitated, when in aqueous 
solution, by alcohol ; and is, therefore, of the nature of a fer- 
ment. 

Lepine also confirmed. Schiff’s and Herzen’s view by cx- 
peu-iments in vilro and by l)lood-analys(‘s. He found that a 
mixture of jiancreas and spl(*en-pul|) in glycerin possessed far 
more active properties than pancreas alone similarly prepared. 
On the other hand, the blood* of an animal deprived of its 
s|)le(‘n ])roved almost inert as a tryptic, while the blood of a 
normal dog possessed distinct digestive ])()wers. Analysis of 
tlie cxjieriiiKmts of tli(‘se various authors distinctly indicates 
that smiie fiimdion of the kind imuitioned exists. The ana- 
tomical relations of the organs involved, however, make it 
impossible for the internal secretion re ter red to to penetrate 
the circulation without first ])assing through the liver with 
the hlnod of (he sjflniic reui. which collects the pancreatic inter- 
nal secretion and carries it to the portal vein, ^J’his fact seems 
to sugg(‘st that, besides the amylolyti(‘ ferment, the portal 
carries a ferment to the liver calculated to insure the tryptic 
action u})on albumins and kindred bodies. If wq consider that 
we have in ihe blood of the ])ortal channels all the products 
of digestion and that trypsin is “applied solely to albuminoid 


'lU'rzrii: Revue Oenernle ties Seienees pure.s rt appL, vol., 1895. 
** Lt'pine: Soelot^ ties Selenees Medieales tie Lyon, .Inly, 1895. 

® Gflchet and Paehou; Archives de Physiologle, April, 1898. 
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( on versions and changes" (Cliarles), tlic imix)rtanco of tlie 
spleen’s internal seeridion will appear. 

Albuminoids, especially those ingested with food, are not 
the inotfensive bodies that they appear to be; indeed, they 
constitute the foundation of some of the most dangerous sub- 
stances that enter the organism when their molecular structure' 
undergoes certain changes. Apart from any function of the 
spleen in the direction mentioned, the pancreatic trypsin su]i- 
plicd to the intestine — if we can judge l)y the manner in which 
a small remnant of pancreas will ])rcvent glycosuria — inns! 
p(?rsist even wlien the ])ancreas is in a state of a<lvanced dis- 
<*ase. We saw that one-eleventh of the fuiudional ari‘a of 
the adrenals snfliced to sustain the general oxidation ))rocesses. 
1’hat the pancreas ])ossesses at least four times mon? functional 
ari‘a than, it absolutely needs lias been cxju'ri mentally demon- 
strated. jiroper — fr(*sh, uncontaminated — food, a nor- 

mal organism is practically invulmu-abk*, so splendidly is it 
armed against any chemico-physi(‘al di'com posit ion that the 
ingesta may undergo. Ihit these jdiysiological defens(‘s may 
he weakened througli general or local adynamia, i.e., lowm-iul 
oxidation proi-esses, and peptones, cajiable of yielding loxal- 
hutuins, leucoitiaines, plomairtrs, — all alhuminoids, — fail to un- 
dergo further splitting in the intestinal canal. Again, and 
under the same cinaimstances, notwithstanding tiu* di'structivo 
action of tlie gastric and intestinal scc-rcdifins, bai-teria and 
their toxins may penetrate the dehilihited villi and the portal 
circulation. Tlie hlood-stream, furthermore, may be invad(‘d 
through peripheral organs not only by liactiTia and their 
(ojins, but also by vegetable poisons and venoms: til I albuminoid 
sulistances, as previously emphasized. ’h]ven thesis do not rep- 
resent all the sources of danger that a jirotective function, such 
as that represented by the pancrc^atic and sphaiic; secretions, 
would have to meet, were they, as I believe, mainly int<*nded 
to fulfdl such a mission. 

If toxic albuminoids reach the portal vein by way of the 
intestinal villi and the mesenteric veins, all conditifins therein 
are most advantageous for tlie action wdiich tryjisin is known 
to exercise upon tlicm : It acts with great energy in alkaline 
media, and the presence of o\yg<*n does iu)t inhibit its action; 
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if, tlierefore, the venous blood of the afferent channels should 
happen to contain an unusual amount of oxidizing substance 
through suprarenal overactivity, the tryptic disruption of pep- 
tones would not, to say the least, be prevented; in laboratory 
experiments the need of an antiseptic when pancreatic juice 
is used is well known; wc have seen that, in the afferent ves- 
sels, the fluids derived from the intestines had been saturated 
therein with the antiseptic secretion of the glands of Brunner 
and Tjieberkiilin, and it is evident that their influence would 
normally continue in the venous channels; finally, the action 
of trypsin does not cease when the peptone stage is reached; 
it converts these into Icuciii, tyrosin, aspartii; acid, etc., the 
fate of whicli derivatives 1 have traced down to urea, the 
end-product eliminated in the urine. 

The role played by the spleen in the pancreatic digestion 
of proteids, and to which 1 add a prophylactic function, has 
been so ably reviewed by IT. P. Bellamy in a comparatively 
recent number of the London Laiicel^^^ that I will utilize^ the 
greater part of his paper to illustrate the various features that 
ajipear to me to furnish a solid foundation, not only for the 
views of Sell iff and llerzen, but also for my own. 

The author reviews the liistory of the (piestion as follows: 
“Corvisart found that in dogs in full digestion there was for 
a certain time a constant rise to maximum in the digestive 
]>ower of the pancreatic juice, succeeded by an equally constant 
fall to minimum. The maximum was attained during the 
eighth hour after the ingestion of a meal; the minimum from 
the thirteenth to the eigliteonth hours. ]\Ieissner announced 
that in fasting animals the ])ancreatic juice possessed little or 
no peptonizing power. Schiff, after a number of experiments 
on such animals as rats, guinea-])igs, rabbits, and young dogs 
or dogs of small breed, found that during fast the pancreas 
really possessed almost no peptonizing power; the albumin 
imprisoned in the duodenum remained there for whole hours 
without dissolving, the infusion of the gland giving results 
equally negative. On the other hand, in the case of ravens 
and adult dogs of large breed the pancreas preserved during 
fast a certain digestive power, even in animals in a condition 

H. P. Bellamy: London Lancet. Oct. 27, 1900. 
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of complete fast whicli liad digested a copious meal tlio day 
Ijefore; under these circumstances, indeed, tlie infusion of the 
wliole pancreas of a large dog was capable of digesting from 
50 to GO grammes of albumin. In sucli dogs this condition 
of weak digestion was maintained until toward tlie fourtli hour 
after the meal, after wdiich time digestion ])roceeded very 
much more rapidly, so that at ihe time of maximum the ])an- 
creatic infusion was ca[)able of digesting from 50 to GO grammes 
of albumin. As n^gard cats and small dogs, he was able to 
confirm the results of Corvisart. Ilv these ex])eriments, then, 
tlie above-mentioned observ(M*s succe<‘d(‘d in establishing the 
following two facts: (1) that tlu‘ activity of the jiancreatic 
juice or of an infusion of the gland is not continuous, bui. in- 
termittent, and (•3) that maximal activity app(‘ars regularly 
during the culmen of gastric digestion (from six to eight hours 
after a meal), at which time it is very considerable.^' 

Passing now, for the moment, from tin* pancreas to the 
spleen, he proceeds briefly to examine the behavior of this 
organ in relation to digestive phases. “Lauret and Lassaigne 
in 1825 discovered that the s])leen began to become e()ng(‘stcd 
at the moment wdieii ihe stomach disehargi^d ebyle abundantly 
into the duodenum ; that this is, however, merely a eoincidiaiee 
is sliowri by the fact that the congestion also occurs aftiT 
ligature of the pylorus. .Dobson in 1817 diseoveuvd that in a 
dog three Iionrs after a meal the spleen is still as small and 
ns aniemie as during fast; that it commenees to dilate in tla; 
fourth liour after a meal; that five hours after it lias ailainetl 
its maximal turgeseence, decreasing afterward from the sev- 
enth hour to attain toward the twelfth its minimal volurm*. 
Landois in the same year found that in the rabbit the relative* 
w(*ight of tlie spleen to the hodxMveight of tin* animal was 
the same two hours after a meal as after forty-eight liours of 
fast; that it increased considerably from the fifth hour, re- 
maining high until the twelfth hour 

^^The striking synchronism in the splenic congestion and 
the presence of trypsin in largo quantity in tlie pancreatic 
juice or in an infusion of the gland w^as observed by SehifF and 
caused him to repeat all his former experiment on tlie tryptic 
digestion of albumins, this time on animals in wdiich the spleen 
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had been for some time removed and on others in which it 
was prevented from dilating by ligature of its hilum at the 
time of the experiment. He experimented in this way upon 
a very large number of dogs and cats ; nearly all his experi- 
ments were double: i.e,, performed at the same time and in 
the same manner on two animals selected so as to resemble 
one another as much as possiI)le, and in only one of which had 
tlie spleen been extir|uited or ligatured. These experiments 
were of two kinds: (1) those conducted with ])anc.reatie in- 
fusions, and (2) those carried out in the living duodenum, the 
following being typical examples: — 

Infusions, Lujninre of the Ililunt of the Spleen , — Two 
cats, after fasting for lb liours, received as much meat as they 
would eat; 1 hour afterward they were etherized, and the 
spleens, wliich were found to be in a state of contraction, were 
brought out tlirough a wound in the al)doiucn and their hila 
w^ere encircled by strong thread; in one of the animals the 
hilum was firmly tied, but in the other it w'as sim])ly encircled 
and a knot was tied, leaving the sj)lenic circulation perfectly 
free (this*w^as done in the endeavor to equalize traumatic con- 
ditions as much as jmsible). The sple('iis wen; then replaced 
in the abdominal cavity and the w^onnd w^as sutured. On 
recovering from the amesthesia the animals did not appear to 
suffer. 1'hey wn*re killed 0 hours later, (lastric digestion w^as 
found to be more advaiu'cd in the animal in Avhich the splenic 
vessels wxu’e tied ; the pancreas of both was cut up into small 
fragments and infused with 100 cubic centimeters of water for 
an hour at 35° (!.; the liquid w^as afterward decanted Jind 
returned to the warm chamber together wdth cubes of albumin. 

''Result , — In 7 hours the pancreatic infusion of the cat in 
which the hilum was not ligatured digested 17 grammes of 
albumin; that of the other did not digest at all even at the 
end of 12 hours. 

^‘This exj)eriment w^as performed on a large number of 
cats and dogs and ahvays gave the same result. In spite, how- 
ever, of the perfection of gastric digestion in the operated 
animals, it was j)ossible to lay at the door of traumatism the 
absence of duodenal digestion; to correct this the experiment 
was repeated as follow^s : — 
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''Extirpation of the Spleen ^ — Two dogs — one normal, the 
other having undergone spleneetoniy a iiumlli previously, hut 
at the time of the experiment in perfect health — were operated 
upon, while fasting, as follows: Etherization, ligature of the 
pylorus, injection into the stomach, per (eso|)hagus laid hare 
and opened, of 50 grammes of peptom* and 'I grammes of dt‘\- 
trin; to allow drainage of swallowed saliva the (esophagus was 
ligatured helow the opening. Both animals w(‘r(' killed live 
hours later, and eaeli panen^as was infused for threc'-fourllis of 
an hour in 100 euhic* eentinuders of water at 55^' (V. Although 
death had occurred liefon* th(‘ nu^st favorahh^ moment for the 
experimeiit, — i.c,, in advance of the summit of ilu' sphaiii^ 
curve, — tlie infusion coming from the dog with the sjihaai 
intact digested 17 grammes of alhumin in 17 hours, whih* the 
other digested nothing even in IS liours. \unier(nis exjK'ri- 
ments made in this manner always gave' the same result. The 
si)leenless dogs had in many cases umhu’gom^ sphumetomy sev- 
eral months hefore tlu* experiimait, and tli(‘ d(*lerminalion in 
them of perfect conditions of health was always a mathu* of 
groat care. 

‘7/. Experiments in the Living Dmxlennm. Lit/nlure of 
the Duodenum at Holh Ends , — ^^Fwo dogs after fasting for 17 
hours received as mueh meat as they would (^at and Immedi- 
at(*ly afterward were oj)erat(‘d upon as follows: Mtherization, 
laparotomy, ligature of the pylorus and of tlu* hile-duci, intro- 
duction into the duodemini of from 50 to 40 gramme's of alhu- 
inin, and ligature of the jejunal end. In one of tlu? animals 
the splenic liilum was also ligatured. Both were' killed 7 hours 
later. 

"Result , — In the dog with the splenic liiliim ti(‘d the albu- 
min was found to be intact; it hael, however, disa|)peared in the 
other. 

^*^This experiment was also several times repea t(.‘d on ani- 
mals which had undergone splenectomy a long time previously, 
and always yielded the same result; it is, of t-ourst*, ('ajjahle 
of being combined with the preceding by making an infusion 
of the pancreas after the death of the animals. Such inlusidus 
give results in harmony with those funiished by the duodemim 
itself. Further, it will be remembered that in the pancreatic 
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juice of dogs of large breed Schilf generally found, even while 
fasting, a certain quantity of trypsin; when the same were 
spleenless, however, he was unable to find any. 

''Digestion in the Normal Duodenum Provided with a FisU 
ula . — A duodenal fistula was established in a dog. After com- 
plete recovery a measured and constant quantity of albumin 
was introduced every day into the duodenum inclosed in a 
small envelope of fibrous membrane fixed to the cannula by a 
thread some centimeters long. The progress of digestion was 
then observed, the following results being obtained: 1. When 
the animal was fasting the albumin took from e5 to 6 hours 
to become dissolved. 2. When the albumin was introduced 
into the duodenum during the 2 to 3 hours immediately fol- 
lowing the ingestion of a meal by the animal it remained un- 
changed. 3. When introduced 4 hours after a meal it dis- 
appeared very quickly, — in about half the time, in fact, occu- 
pied during fast. These facts having been duly noted, the 
spleen was then extirpated, and after complete recovery the 
same experiment was repeated ; very different results were 
now obtained. Whether fasting or in full digestion the time 
taken for the digestion of the albumin was exactly the same, 
viz.: from 5 to G hours. The acceleration in the peptonization 
which bad formerly appeared after the fourth hour of digestion, 
and wliich coincided both with the appearance of trypsin in 
the pancreatic juice and with the dilation of the spleen, was 
now absent. The slow digestion (from 5 to G hours) in this 
experiment was probably entirely due to the secretion of the 
duodenal glands, which possess only a very feeble digestive 
power; tlie active, rapid digestion was due to the appearance, 
in large quantity, of trypsin in the pancreatic juice: a phe- 
nomenon wanting in the spleenloss animal. . . . Schiff 

endeavored to interpret the facts by the following theory: 
During the congestion of the spleen a substance is produced 
within it which, carried away by the blood, gives to the pan- 
creas the wherewithal to form its peptonizing ferment. . . . 

In 1872, however, the theory of Schiff received a rude shock 
through the great discovery of the zymogens by Heidenhain 
and his pupils. From the researches of this observer it ap- 
peared that, as the gastric mucous membrane forms at the 
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outset hardly any active pepsin, but a zymogen acciiinulating 
in its glands in the intervals of digestion, so the pancreas does 
not at once elaborate active trypsin but a substance destined 
to become trypsin under certain conditions and in a certain 
phase of the digestive act, this substance being, of course, the 
pancreatic zymogen trypsinogen, or protrypsin. The researches 
of Heidenhain are well known, and it suffices to recall here 
only one or more essential points: Thus from them we know 
that the pancreas of a fasting dog contains little or no tryi>sin, 
but merely trypsinogen; consequently its glycerin infusion 
possesses little or no digestive power; the infusion, however, 
of a dog in full digestion digests rapidly and copiously, because 
it contains trypsin. If the pancreas of a fasting dog be divided 
into two equal portions, one of which is infused at once and 
the other only after an exposure of 24 hours to the air, the 
first is found to be inactive, while the other is immediately and 
energetically active, from which it is clear that the inert tryj)- 
sinogen which it contains becomes spontaneously transformed 
into active trypsin; indeed, it suffices to ])ass a current of 
oxygen through a pancreatic infusion, rich in trypsinogen and 
poor in trypsin (an active infusion), to transform it into an 
infusion possessing a digestive power. 1'his transformation, 
then, is an oxidation, trypsin being oxidized trypsinogen, 

^^The fact observed by Heidenhain of Ihe continuous for- 
mation and storing up of trypsinogen in the ])ancreas and its 
subsequent transformation into trypsin during the culmeii of 
gastric digestion proved that the former substance at any rate 
enjoyed an origin quite independent of all infiiumce outside 
the pancreas itself, and the hypothesis of SchifT as to the inter- 
vention of the spleen seemed, in consequence, to be at fault. 
But it was only the theory of Schiff which suflered by these 
new revelations; as far as the experimental results of the two 
observers were concerned, physiologists were face to face with 
two series of apparently contrjidictorv facts — apparently be- 
cause facts properly observed can never stand in contradiction 
with one another, and when they appear to do so it is merely 
because the interpretation of them is either false or incom- 
plete. It fell to the lot of M. Herzen to unravel the tangled 
hypotheses. It appeared to him that, by modifying the hy- 
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pothcsis of Scliiff as to the manner in which the spleen acts as 
a tryptogene, a fusion of tlie respective facts of Schiff and 
ireidenliain could be brought about, and that, far from being 
antagonistic, they could be sliown to be reciprocally corrobora- 
tive. lie argued thus: since tlie zymogen, even in spleiiec- 
toniized animals, is b(*ing continuously elaborated, and there- 
fore independently of the spleen and its periodical congestion, 
and that it accumulates in the gland-cells during fast, but that 
it bet'omes ra])idly and co])iously transformed into trypsin only 
ill the ])resence of the s])l(‘en and in direct proportion to its 
dilation, it would seem feasible that the spleen produces, by 
‘internal secretion’ during its congestion, an unknown sub- 
stance, Avhich, cari’ied away by the circulating blood, trans- 
foi*ms the inert zymogen already deposited in the pancreas into 
active trypsin destined to pass into the secretion of the gland, 
and that the influence exercised upon the zymogen by this 
product of the spleen seemed to be a condition sine qua non 
for the transformation of the former into trypsin, at least in 
the Jiving jiancreas, since in the dead organ or its infusion it 
is so transformed by direct oxidation. This hypothesis of 
]lerz(*n would seem to be further confirmed l)y the fact gleaned 
from the researches of both Schiff and ireidenhain, to wit: 
that the holding in zymogen of the pancreas at a given moment 
cither of fast or digestion is always in inverse ratio to its hold- 
ing in iryj)sin, and rire versa, while the latter is always in 
direct ])roportion to the spleen dilation. 

“So far so good. Hut TTerzen reasoned further. If the 
s]deen really produc(*s, during its congestion, a substance which 
brings about the transj'ormation of the pancreatic zymogen 
into trypsin, it Avould then be possible to seize upon this sub- 
stance in tlie spleen itself while in its turgescent condition 
(from d to 7 liours after a meal), and by at once making an 
infusion of it and mixing a certain quantity of this splenic 
infusion with pancreatic infusion made from the jiancreas of 
a fasting animal (very rich in zymogen and very poor in trypsin, 
and consi'qiiently nearly inactive) there could be obtained in 
rilro a rapid and co])ious formation of trypsin easily recogniz- 
abl(‘ liy the amount of ^iroteid digested in a given time. The 
control experiment would also be very simple, consisting merely 
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in mixing with tne same pancreatic inriision that of a coiitracieil 
and amcmic spleen, in order to observe wlietluM- it would have 
tlie same effect as that of the spleen dilated and engorged with 
blood. Artificial digestions actually carried out with these 
infusions gave enormous differences; whereas the pancreatic 
infusion alone, or that mixed with infusion of contracted spleen 
digested nothing or almost notliing, the same pancreatic in- 
fusion to whicli had l>een added infusion of engorged spleen 
digested rapidly and copiously; indeed, it had often con\])letely 
digested its dose of proteid by the time that the other two, if 
digesting at all, liad barely commenced. The mixed infusions 
tiuis beliaved in the same way as a pancreatic infusion taken at 
the culmeii of digestion. 

large number of similar experiments were made with 
aqueous boric and glycerin infusions, each being double: i,c,, 
performed in two separate series of vessels, the one containing 
finely divided fibrin and the other equai-siz(Ml cubes of coagu- 
lated albumin. The results were always the same. . . . 

^‘At the German (Congress of JMediitine lield at Strasburg 
ill 1880 Herzen exhibited several graduated flasks containing 
the residua of fibrin and albumin in a numlier of his digestions, 
the digesting liquid having been decanted and replaced by 
al(*oljoL The physiologists who examined them all recognized 
that the difference between the residua left by the [)ancrcatic 
infusions alone and those of the mixture of the ])an(‘reatic and 
s})lenic infusions were very obvious. In a private conversation 
with Herzen, however, Heidenhaiii made the following criti- 
cism : It is well known that the pancreatic zymogen is very 
greedy of oxygen ; on tlie other hand, the spleen during its 
dilation is engorged with blood. Tlie s])lenie infusions ex- 
hibited were intensely colored by dissolved hamioglobiii — erfjo, 
the undoubted and considerable acceleration in digestion ob- 
tained by adding such a liquid to another containing tryp- 
sinogeii could be quite simply explained by tlie rapi<] oxidation 
of. the zymogen at the expense of the Ineniogloljin. This 
objection disconcerted Herzen in no inconsiderable degree, and 
he lost no time in making it the subject of experimental in- 
quiry. He at length succeeded in disproving it by the following 
excellent experiment: The pancreas of a normal fasting dog 
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was infused in pure glycerin and the infusion was divided into 
eight equal portions. These eight portions were mixed with 
eight samples of blood received directly into a double volume 
of glycerin, of which four came from a fasting dog and four 
from a dog in full digestion with the spleen greatly dilated. 
The four samples were taken in both animals from (1) the 
femoral artery, (2) the femoral vein, (3) the splenic artery, 
and (4) a large splenic vein. The eight portions were then 
given the usual dose of fibrin and placed at a temperature of 
<10° C. Now, it is evident that tlie femoral and splenic arte- 
rial blood of the two animals contained more oxygen than 
tlieir venous blood; the former, then, according to lleidenhain, 
should exercise a powerful influence on the digestion, equal 
in the two dogs. On the other hand, according to Herzen, the 
splenic venous blood alone should exercise this influence and 
especially that of the digesting animal. The result of the 
experiment was as follows: After one hour there was still 
no trace of digestion under the influence of the femoral blood, 
arterial or venous, nor of the splenic arterial blood of the fast- 
ing dog; first traces of digestion were beginning to manifest 
themselves under the influence of the splenic venous blood of 
this animal. Digestion was rather advaiu'cd in the case of the 
femoral arterial and venous blood and splenic arterial blood 
of the digesting dog; the fibrin liad almost entirely disappeared 
under the influence of the splenic venous blood of the same 
animal. 

^‘The answer could not be clearer: the product of the 
internal secretion of the spleen, borne therefrom by the cir- 
culating blood, is present during the period of the dilation 
of the spleen in feeble, but ‘appreciable, quantity in the blood 
of the general circulation and abundantly in the splenic venous 
blood. The venous blood returning from the contracted spleen 
only contains it in very small quantities. This experiment, 
several times repeated, always gave the same result, showing 
that it is not the blood as such which favors the transformf^- 
tion of pancreatic zymogen into trypsin, but that, by picking 
up from the spleen the unknown substance possessing this 
property, the blood becomes its vehicle and means of commu- 
nication with the pancreas. 
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^^Froin the bulk of evidence collected by Herzen there thus 
seems to be very little room for doubt that, apart from haema- 
topoietic, and possibly allied, functions possessed by the spleen, 
the organ furnishes a product of ^internal secretion^ which 
causes in the pancreas the transformation of its inert zymogen 
into active trypsin/^ 

Bellamy closes his article with a review of the criticisms 
to which the researches of Schiff and Herzen have been sub- 
njitted. In tlie experiments of Lussana, in 18()8, the spleens 
of three dogs were removed and the animals were subsequently 
killed to ascertain whether the extract of their pancreas would 
digest coagulated albumin. The pancreatic infusion of the 
glands of two of the dogs digested 0.^35 gramme of albumin in 
24 hours; that of the third digested 1.10 grammes in the same 
period of time. ^^The latter animal had, how^ever, been killed 
tlirce hours after a meal: i.e., at a moment when, even had 
it been in possession of its spleen, that organ would not yi*t 
liave commenced to become congested. The experiment, there- 
lore, gave the result which might be expected, — viz.: no di- 
gestion, — for nobody would accept seriously the digestion of 
1.10 grammes, knowing that the pancreas of a dog when dig(*st- 
ing can dissolve from 50 to 60 grammes of albumin. . . 

Indeed, the experiments of Lussana appear to us to be con- 
lirinatory of Schiffs and Herzen^s views. 

Carvallo and Pachon also reported negatively, but, errors 
in their experimental procedures having been brought to their 
attention by Herzen, subsequent experiments caused Pacdion 
and a new collaborator, Gachet, to reach the conclusions sus- 
taining the views of Schiff and Herzen to which we have re- 
ferred on page 368. ^^I*fay, they did more,^^ says Bellamy; 
‘They invented an entirely new experiment, at once original 
and ingenious, which consisted in realizing in vivo what Herzen 
had hitherto only done in vitro. This experiment was as fol- 
lows: A dog, which a long time previously had undergone 
splenectomy, was an^estlletized and half its pancreas was re- 
moved and immediately infused ; at tlic same time a normal 
dog, in the height of digestion, was kill(?d and its congested 
spleen was. infused in water, and this infusion was injected 
into, the venous system of the splcenless dogj from 15 to 20 



380 INTERNAL SECRETIONS OF PANCREAS AND SPLEEN. 

minutes afterward the remaining half of the pancreas of the 
latter dog was infused exactly like the first; of the two in- 
fusions when given fibrin and albumin, the second only digested 
rapidly and copiously/^ 

The investigations of Topelski are next reviewed. ^Tn 
both normal and splenectomizcHl cats/^ says Bellamy, ^‘he col- 
lected the 2)cinorcatic juice by means of a cannula introduced 
into the duct of the gland, and was unable to find any differ- 
ence in digestive activity. As, however, his cats had been 
fasting since the day before, liis experiments were made out- 
side the digestive period during which the spleen, becoming 
(‘ongested, furnishes abundantly its product of internal secre- 
ti(Ui which transforms rapidly and cojiiously the zymogen into 
tryjjsin.^’ . . . ^^But J?opelski also perfonned some anal- 

ogous experiments on a dog with a jiermanent pancreatic fist- 
ula, made according to the method of Pawloff. The jianereatie 
juice of this animal was several times collected and examined 
before and after splenectomy without any dilferencc in activity 
being demonstrable. This result, however, elicits no surprise 
in view of the fact that in both instances the juice was always 
collected immediately after a meal — Le ., — again to repeat it — 
in advance of that digestive iieriod during whii'h the spleen 
(alters into function and the pancreas al»ounds in trypsin ; so 
tliat as well in this experiment as in that with his cats, Ihijielski 
was jdaced in that position in which the presence or absence 
of the spleen was a matter of perfect indifference. . . 

^riie discussion of the various features in point have led to 
considerable acrimony, but the impartial obseiwer cannot fail 
to consider that the position of Herzen, of those reviewed, is 
the , only tenable one. 

In an article written since Bellamy's review was published 
Popelski^^ reiterates his views, and states that since it has 
been demonstrated that there exist in tlic organism bodies in 
ike nature of ferments possessing oxidizing jrroperties, which he 
lielieves to be derived mainly from leucocytes, the results 
obtained by Schiff, Herzen, Pachon and Gachet can all be 
explained by their action. During the height of digestion 


'Popelskl: Vratch, Feb. 3, 1901. 
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digestive Icucocytosis prevails, and, an accompanying d(‘st.nic- 
tion of these cells yielding more o.vidizing bodies, the latter, 
lie thinks, are the source of conversion of protrypsin or tryp- 
sinogen into trypsin, which thus becomes a fmufion of the 
blood. Thus, the sjdecn would have nothing to do with the 
process, the hypeneinia and dilation of this organ during (he 
formation of trypsin being regarded merely as concoinitant. 
pheiioiiiena. 

The only feature of interest to ns in Popelski^s last ])a|)(‘r 
is the fact tliat Iris experiments were performed in aceordaiuo 
with the directions of SeliilT. That ho should be driven tht‘ri‘bv 
to ascribe all the phenomena witnessed, to the aedion of 
‘"oxidizing bodies"’ adds materially to the data conirihuled hy 
Schmiedeberg, Jaqiiet, Abelous and Hiarnes, and Salkowski, 
ju'oving experimentally the existence of an o.vidi/ing suhstamv, 
and is suggestive. Indeed, when, in addition to this, we realize 
the strength of Heidenhain’s position, the manner in whieli 
it shook to its very foundation the equally strong position of 
Sehiff’s views as developed by Herzen, by pointing to the in- 
jluenco of oxygen as another agency througli which trypsin 
eonld be developed from try])sinogen, "Trypsin being o\idiz(‘d 
trvj)sinogen,” the following (piery suggests itself: Arc we imt 
dealing with two processes working in secpienee, a |)art of the 
trypsinogeii secreted in the splenic vein being converted by 
the splenic secretion for use in the portal vein, and th(‘ r<‘st 
being converted, when the aiieries are reached, by the oxidiz- 
ing substance? 

To determine whether such a deduction is at all warranted 
or whether it is subject to modifications through which the 
various views submitted and our own can be conciliated, we 
find it necessary to closely analyze the manner in wliicli the 
pancreas and the spleen are functionally governed. 

The Function^al Mechanism of the Pancreas. — I’ he 
pancreas will first receive our attention. l?ef('rring to this or- 
gan, Howell says: ""Until recently little direct evidence liad 
been obtained of the existence of secretory nerves. Stimnlatiun 
of the medulla was known to increase the flow of pancreuti(; 
juice and to alter its composition as regards the organic constit- 
uents, but direct stimulation of the vagus and the sympathetic 
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nerves gave only negative results. Lately, however, Pawlow 
and some of his students have been able to overcome the 
technical difficulties in the way, and have given what seems 
to be perfectly satisfactory proof of the existence of distinct 
secretory fibers comparable in their nature to those described 
for the salivary glands. The results that they have obtained 
may be briefly stated as follows: Stimulation of either the vagus 
nerve or the sympathetic causes, after a considerable latent 
period, a marked flow of pancreatic secretion. The failure of 
other experimenters to get this result was due apparently to 
the scmitivencss of the gland to variations in its hlood-supply}“ 
Either direct or reflex vasoconstriction of the pancreas pre- 
vents the action of the secretory nerves upon it. Thus, stim- 
ulation of the sympathetic gives usually no effect upon the 
secretion, because vasoconstrictor fibers are stimulated at the 
same time; but if the sympathetic nerve is cut five or six days 
previously, so as to give the vasoconstrictor fibers time to degen- 
erate, stimulation will cause, after a long latent period, a dis- 
tinct secretion of the pancreatic juice.’^ 

The quotation almost suffices to show that the sympathetic 
fibers are vasoconstrictors as elsewhere, in the light of our 
views, and that the secretory nerve is the vagus. This view 
is conclusively supported, however, by evidence from other direc- 
tions. As to the vagus, Frangois-Eranck and Hallion^*'* in addi- 
tion to the dilator effects produced on the liver state that ‘^this 
vasodilator action is also found in the pancreas.” Stimulation 
of the ])eripheral ends of both vagi, after section, between the 
cardiac plexus and the diaphragm caused a wide dilation of the 
pancreatic vessels, which persisted some time, entailing a low- 
ering of the aortic pressure. They also obtained dilation of 
these vessels reflexly, by stimulating the central end of the 
nerve after it had been cut on a level with the (esophagus. Wo 
have also in the experiments of Mette^^ and Kudrewetzky^" 
evidence of the direct action of vagal stimuli upon muscular 
fiber. Having observed that the secretion caused by stimulating 

All italloB arc our own. 

Krangols-Pranek and llallion: hoc. cit. 

Mette: Archiv f. Physiol., Suppl. Bd., 1894. 

“ Kudrewetzky : Ibid, 
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one vagus could often be arrested by exciting the other vagus, 
he concluded that this nerve contained antagonistic libers. Tliis 
dual set becomes unnecessary, however, if stricto-dilation is 
accepted as the mechanism of the vasodilation observed by 
Frangois-Franck and Hallion. Indeed, vagal stimuli caj)al)le 
of causing contraction of the vascular inusdes to which stricto- 
dilation is due, can as well induce contraction of the muscular 
coats of Wirsung’s duct, and thus arrest the flow of secretion 
of pancreatic juice precisely as it docs that of bile. 

As the sympathetic supply Frangois-Franck and Hallion*" 
obtained plcthysmographically vasoconstrictor tdlcits on stiniu- 
lating the splanchnic, and traced the constrictor fibers to the 
cord.‘ The fibers were su])])]ied through the fifth thoracic (*oin- 
miinicating branches to the second lumbar inclusive, the ma- 
jority of them reaching the solar ])lexus by way of the greater 
splanchnic. The fibers then formed, they contend, ‘Si si‘condarv 
plexus enveloping the pancreatic artery.'’ They also state that 
‘This arterial path seems to be the only one, since the destruc- 
tion of the fibers that accompany the artery Rup|)r(‘ss the jian- 
crcatic vasoconstrictor effects of any sympathetic branch stim- 
ulated.’’ Again, Popelski*^ refers to various ways in which 
inhibition of the flow of secretion may be caused. Among th(‘se 
arc: Stimulation of the vasoconstrictor fibers, and stimulation 
of “secretion-inhibiting” fibers supposed by him to r(*pi'(‘S(ait a 
special set. The mode of termination of the sympatludic fibers 
on the pancreatic artery as given by Frangois-Franck and 
Hallion readily accounts for the inhibition caused by excessive 
excitation of the nerves. These (sympatludic) fibers are thus 
evolved from the suppositious special “secretion-inhibiting'' 
nerves — a rather incongruous combination, since by arresting 
the flow of blood to the organ, they prevent and may arrest the 
secretory process. 

It is evident that these vasoconstrictor fibers are distinct 
from the true secretory fibers, for Pawlow**' says, alluding to 
Popelski’s work: “By a careful preparation of the nerves, 


" Francols-Pranck and Hallion: Archives de physiol, norm, ct pathol., T. 
lx, p. 661. 1897. 

iTPopelaki: Centralbl. f. Physiol., Bd. x. S. 405, 1896. 

“ Pawlow: “The Work of the Digestive Glands.” Eng. Trans., London, 1902. 
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some branches were discovered whose excitation caused a secre- 
tion without any latent pivriod almost as promptly as the 
cliorda expels saliva. From the latter fact we must conclude 
that in the branches mentioned, the secretory fibers of the 
])ancreas have l)oen anatomically separated from the inhibitory.’’ 
Finally, a proof that we are dealing* with exaggerated constric- 
tion ending in experimental inhibition and not with a true 
secretory nerve is afforded by the following observation of 
Kudrcwcdzki’s^'' : ^Mf the sympathetic nerve be excited by means 
of an induced current, a gentle intermittent advance of the 
secretion is oliserved, but only during the first few seconds; 
during the later stages of the excitation, and after its stoppage, 
the secretion is completely arrested.” We have here, obviously, 
the identical result observed in the submax illary gland when 
the cervical sympathetic* is stimulated — a brief exacerbation of 
activity duo to the jiropulsion of a small quantity of blood into 
the secretory elements — and simultaneously additional evidence 
that the sympathetic in the pancreas fulfills vasoconstrictor 
functions. 

This involves the conclusion that as elsewhere the blood- 
j)lasma — laden with oxidizing substance — is able to reach the 
glandular cells. This is shown by a brief review of the relation- 
ship between the nervous and vascular structures of the organ. 

lleferi’ing to the blood-vessels, Fiersol says: ^^The larger 
arterial branches run within the interlobular connective tissue, 
sending off vessels which pass between the lobules and supply 
the glandular parenchyma with twigs. These latter enter the 
lobules and form nrt-rrorl’s which mrlose the individunl acini 
within the capillary reiicnluin. The capillaries lie beneath the 
basejnent membrane in (dose relation with the glandular epi- 
thelium. The veins accompany the arhufial trunks within the 
(oiinective tissue.” A similar arrangement prevails in the 
distribution of the nerve-terminals. According to Earn on y 
Cajal and C. Sala, the pancreas contains many nerve-cells 
and fibers of Eemalc. Some cells are found in the interacinous 
spa(*es; others are in contact with the intrinsic vascular walls, 
and ihrir finer prolongations surround the glandular cells. 


Kudrewetzkl: Quoted by Pawlow: Loc, cit. 
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Those connected with tlie vessels form a plexus around them, 
and send extremely fine filaments to the muscular elements. 
Alluding to the nerve-cells, Ihimon y Cajal says: “We may 
consider this cell as a special cell, all llie prolongations, or 
almost all the prolongations, of w'hich possess the meaninu’ of 
nervous jirolongations eontranj to the cells of the spmpafhelir 
chain, that liave two kinds of prolongations: along one, oi* 
fiber of Remak, for the viscera, and short ])mlongations com- 
))ara])le to the protoplasmic prolongations of c(M’ehro-spinal 
cells, destined to csiahlish relations by (*ontact between the 
neighboring cells of a ganglion.’’ Ihu’dal, who quotes the 
al)ove, therefore recogniz(‘s two vari(‘ti(‘s of n(‘rve*fib('r In ilu' 
fiancreas: “1. The nerve-fibers formed by Ihe c(‘llular iiro- 
longaiions and whicli supply tiie periacinous and perivascular 
])lexuses. 2. The nerve-fibers derived from the symjiatludic 
nerves which penetrate into Ihe pamu-eas wilh the vessels. 

On the whole the functions of the pancreas appear to hi* 
governed as follows: — 

7. The nervous supply of the pancreas is derived from ihe 
vagus and the sympathetic syste7ns. 

2. When the secretory functions of the organ are to he 
enhanced, the vagal terminals cause vasodilation of its arteri- 
oles, thus increasing the arterial Wood circulating through it. 

S, When the functional activity of the pancreas is to he 
diminished Us arterioles ore caused to contract hy the sym- 
pathetic nerves^ and the Wood circulatmg through the organ is 
reduced. 

Functional Meciiantsm of ttte Splki:n. — ^fhe innerva- 
tion of the spleen includes, as a predominating featiin*, the 
distribution of a fair proportion of the teiTuinal fibers to ihe 
muscular elements, which, in man, are mainly supplied to the 
trabeculae. “We have evidence,” says Professor Foster, “that 
the muscular activity of the spleen, whether of the muscular 
capsule and trabeculae and arteries combined, or of the lattiu’ 
alone, is under the dominion of the nervous system. A rapid 
contraction of the spleen may be brought about in a direct man- 
ner by stimulation of the splanchnic or vagus nerves/^ . . . 

^^it may also be caused by stimulation of the medulla ohlongala 
with a galvanic current or by means of asphyxia. Though the 
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matter has not yet been fully worked out, we have already 
sufficiently clear indications that the flow of blood through 
the spleen is, through the agency of the nervous system, varied 
to meet changing needs. At one time a small quantity of 
blood is passing through or is being held by the organ and 
the metabolic diaiigcs which it undergoes in the transit are 
comparatively slight. At another time a larger quantity of 
Jjlood entei’s the organ and is let loose, so to speak, into the 
splenic pulp, there to undergo more profound changes, and 
afterward to be ejected by rhythmic contractions of the mus- 
cular trabeculae.” 

That rapid contraction of the spleen should occur under 
stimulation of the splanchnic nerve is easily accounted for when 
the role of sympathetic nerves — ^those if supplies the organ — 
is considered to be that I have atti*i.biited to them in the fore- 
going chapters: tliat of vasoconstrictor. Indeed, it is plain 
that under stimulation these nerves should reduce the caliber of 
the arterioles, and, therefore, the volume of blood admitted into 
the organ, and that it should contract rapidly owing to con- 
tinued depletion of its veins. The constrictive effect of stimu- 
lation of the medulla on the arteries we have repeatedly seen ; 
as this is d\ic to contraction of their muscular coats, the spleen 
is evidently influenced in a manner similar to that following 
stimulation of the splanchnic, the smallest arteries being the 
first obstructed under violent vasoconstriction. 

But why should stimulation of the vagus also induce 
splenic contractdon ? This requires an examination c/f the 
distribution of the nerve-terminals. The innervation of the 
spleen was studied by Kdlliker in various animals,^® and his 
observations, when viewed in the li£?ht of my conception of 
the functional mechanism of glandular organs, are suggestive. 
^The vasomotor nerves enter the organ with the large arteries. 
In the vmlls of the large arteries the main trunks form a^ well- 
marked superficial plexus with oblong meshes in the adventitia, 
and a deep, more quadrate neUworh in the tunica media; some 
end in the little branched arborizations in this coat. The 
smaller arteries and the trabeculae receive their nerves from 
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the rich maze of fibers in the i^ulp, consisting of axis-cylinders, 
which, however, do not anastomose. Other libers form a plexus 
on the surface of the trabeculae, and from this fibrils penetrate 
into the interior of the trabeculae (which contain much smooth 
7nuscle) and end by free arborizations.'^ Free tenninals, wliioli 
Kdlliker regards as sensory fibers, were also found. AVheu we 
consider that the trabecula3 j)enctrate deeply into tlie interior 
of the organ from the inner surl'ace of the capsule in every 
direction, thus forming a spongy frame-work, and that the 
muscular capsule overlying the organ and this s})ongy frame- 
work, is also supplied with vagal nerves, its contraction under 
tlie influence of the latter under stimulation also heeomes self- 
evident in the light of our views: The vagus acting as a vaso- 
dilator allows an excess of Idood to penetrate into the muscular 
elements, causing them to contract and thus to diminish the 
size of the organ. Indeed Jtov“' who first called attention to 
the rhythmic contractions of the spleen, ascribed them to im- 
pulses received by way of the vagus. 

A feature of the experimental w’ork upon this organ which 
tends greatly to produce confusion in the interpretation of its 
function, is the belief that it is suj)pli(‘d witli inhibitory tihers. 
Thus, according to Schiifer--' tlicsc libers are contained in the 
splanchnic nerves and their stimulation ‘‘produces a dilatation 
of the spleen.’^ It is plain, in the liglit of our inlerpretatio]i 
of “inhibition,” that we are merely dealing with an experimental 
phenomenon due to the excessive vasoconstriction which elec- 
tricity produces when a})plied to sympathetic vasoc-oiisti'ictors, 
and that the organ does not receive “inhibitory fibers” as text- 
books call them. 

The interpretation of the splenic functional nu'crlianism 
in accordance with our views is greatly facilitatiMl wluai tlu* 
microscopical anatomy of the organ is considered in the light 
of P. P, MalPs^^ researches. The organ is divided, as is the 
liver, into lobules, each of which is bounded by “interlobular” 
trabeculae: those to which we have already referred. Each 


** Roy: Journal of Physiol., vol. lii, p. 203, 1880-2. 

^ Schafer: “Proceedings of Royal Society," lA)ndon, 1896, vol. llx. No. 366; 
and Journal of Physiology, 1896, vol. xx. 

»F. P. Mall: Johns Hopkins Hospital Bulletin. Sept., Oct., 1898. 
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lobule is about 1 millimeter in diameter, is partitioned into 
about ten compartments by intralobular trabeculae, and receives 
an artery which sends minute branches to each compartment. 
There is also eonsiderable analogy between each one of these 
compartments and the liepatic lobule, the hepatic cells being 
represented by masses of pulp separated by venules, which 
vessels carry back to the veins leading to the greater splenic 
vein the various elements transferred to the liver. The pulp 
itself is made up of an extremely delicate reticulum, in which 
are found red corpuscles, lymphocytes, remains of corpuscles 
with or without pigment, etc. The arteries — which bring to 
the organ oxidizing substance — soon after entering the organ 
assume an unusual sliape: their outer coat becomes lymphoid, 
forming nodules similar to the solitary follicles of the intes- 
tine, — i,e,, the Malpighian corpuscles, — in which lymphocytes 
are formed. When, after numerous subdivisions, their diam- 
efer becomes greatly reduced, the arteries resume their normal 
adventitia and on reaching the pulp in the eompartments break 
up into minute capillaries. The arrangement is, after all, an 
uncomplicated one, and similar, in general plan, to that of other 
organs reviewed. 

The connection between the nervous supply of the spleen 
and that of the other digestive organs becomes evident when 
the distribution of the cadiac-plexus branches is recalled. 
"The splenic plexus,^^ say Pick and Howden,^^ ^"is formed by 
branches from the cooliac plexus, the left semilunar ganglia, 
and from the right pneumogastric nerve. It accompanies the 
splenic artery and its branches to the substance of the spleen, 
giving off, in its course, filaments to the pancreas (pancreatic 
plexus) and the left gastro-epiploic plexus, which accompanies 
the gastro-cpiploica sinistra artery along the convex border of 
the stomach.^^ If we append to this KollikePs description of 
the intrinsic nervous supply and the manner in which it is 
connected with the blood-vessels, it will become apparent that 
we have a counterpart of the vasculo-nervous mechanism of 
all the other organs of the digestive system we have studied, 
viz., a system of vagal fibers capable of inciting the spleen to 


** Pick and Howden: **Oray’8 Anatomy/* p. 806. 
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increased functional activity by causing an excess of blood to 
enter the organ, and sympathetic fibers to reduce its functional 
activity by causing the vessels to resume their normal caliber. 

The functions of the Malpigliian corpuscles around the 
vessels would thus be insured by libers from the vagus. In- 
deed, Fusari-® traced nervous filaments witliin these bodii's. 
The pulp is also possessed of a ^^rich maze of fibers consisting 
of axis-cylinders” — doubtless sensory structures. But licre an 
independent motor supply must also be present, since we also 
have fibers that form plexus on the surface of the tralx'C- 
ulae,” filaments from which penetrate into the trabccube. These, 
we have seen, contain mucli smooth muscle, and the nerve- 
filaments are connected with them by ^^swellings” (Fusari), 
evidently end-plates. Kupffer’s bile-alveolus, with ibs canaliculi, 
is recalled by a similar reeeptable: i.e., IfalTs ^b'ntralobular 
venous spaces,” which form the starting-point of the venuh‘s 
that ultimately end in the large trunks leading to tlie splenic 
vein. 

On the whole, we may conclude as follows: — 

f. The nerves of the spleen are derived from two anion- 
omons sources, the vagus, or jmeiwiogastric, and the sympaihetir 
system. 

2. The functional activity of the spleen is inciied hy the 
vagal nerves distributed to Us arterioles: hy causing dilation 
of these vessels, they admit an excess of blood into all the struc- 
tures of the organ, causing the latter to dilate. 

The vasoconstrictor functions of the sympathetic are as 
evident here as in other organs studied. ^^Thc spleen,” says 
Howell, ^fis supplied richly with nerve-fibers which, when stim- 
ulated either directly or reflexly cause the organ to diminisli 
in size. According to Schafer these fibeis are contained in the 
splanchnic nerves, which carry also inhibitory fil)ors whose 
stimulation produces a dilatation of the spleen.” The sym- 
pathetic supply of the spleen has been clearly shown. Bulgak'^^’* 
obtained vasoconstrictor effects, the organ becoming pale and 
shrunken, by stimulating fibers which he traced to tlie semi- 
lunar ganglion and thence to the left splanchnic, ^l^archanoff 

»PuBarl: Arebivee Italfennes de Blologie, Turin, vol. xlx. p. 288, 1894. 

^ Bulgak: yircOiow’a Arebiv, Bd. ixix, p. 181, 1877. 
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reached similar results but by stimulating either splancimic* 
Schafer and Moore studied the same subject by means of a 
plethysmograph specially constructed to avoid any obstruction- 
to the circulation in the organ’s extrinsic vessels. They found 
the spleen extremely responsive to blood-pressure fluctuations, 
and obtained constriction by stimulating either splanchnic, the 
left, however, giving more marked results than the right. The 
constrictor fibers were found to raise from the third thoracic 
to the first lumbar inclusive, the most active arising from the 
sixth, seventh, and eighth thoracic. This evidence clearly shows 
that the role of the spleen’s sympathetic supply is purely vaso- 
constrictor. Hence : — 

S. When the functional activity of the organ is to he 
diminished, the sympathetic fibers came constriction of the 
arterioles, thus reducing the volume of blood admitted into the 
organ and passive contraction of its capsule. 

The role of the spleen has not been so far clearly estab- 
lished. Howell, in the second edition of his text-book (1907) 
writes in this connection: ^^As to the theories of the splenic 
functions, the following may be mentioned : 1. The spleen has 
been supposed to give rise to new red corpuscles. This it un- 
doubtedly does during fmtal life and shortly after birth, and 
in some animals throughout life, but there is no reliable evi- 
dence that the function is retained in adult life in man or in 
most of the mammals. 3. It has been supposed to be an organ 
for the destruction of red corpuscles. This view is founded 
chiefly on microscopical evidence according to which certain 
large ammboid cells in the spleen ingest and destroy the old 
red corpuscles, and partly upon the fact that the spleen tissue 
seems to be rich in an iron-containing compound. This theory 
cannot.be considered at present as satisfactorily demonstrated. 
3. It has been suggested that the spleen is concerned in the 
production of uric acid. This substance is found in the spleen, 
as stated above, and it was shown by Horbaczewsky that the 
spleen contains substances from which uric acid or xanthin may 
readily be formed by the action of the spleen-tissue itself. More 
recent investigations*® have shown that the spleen, like the liver 

Consult Jones and Austrian; Zeit. f. physiol. Chem," Bd. xlvlii, S. 110, 
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and some other organs, contains special enzjrmes (adenase, 
guanase, and xanthin oxydase), by wliose action the split 
products of the nucleins may be converted to uric acid, and 
it is probable, therefore, that this latter substance is constantly 
formed in the spleen. 4. Lastly, a theory has been supported 
by Schiff and Herzen, according to wliich the spleen produces 
something (an enzyme) which, when carried in the blood to the 
pancreas, acts upon the trypsinogen contained in this gland, 
converting it into trypsin.^^ The latter is treated at lengtli 
under the next heading. 

The statement that the spleen contains, as do other organs, 
such ferments as adenase, guanase, and xaiitliin oxydase is sug- 
gestive, in view of the fact that they arc all oxidizing ferments. 
This fact is all the more interesting in that, as shown below, it 
is the plasma alone, t.e., plasma deprived of its I’cd corpuscles 
which circulates in the intercellular spaces of the pulp-cords. 

An incidental remark of Professor Mall’s, in tlic contri- 
bution previously referred to, goes far toward demonstrating 
that 1 have not erred so far in ascribing to the blood-plasma 
per se the active part in the blood’s function. This constitutes 
such a far-reaching feature of this entire work that the follow- 
ing lines appear to us as timely: “The microscopical anatomy 
shows that the ampullns and venous plexus have very porous 
walls which permit fluids to pass through with great case and 
granules only with difficulty. In life the plasma constantly 
flows through the intercellular spaces of the pulp-cords, while 
the hlood-corpusdes heep within fixed channels, Numerous 
physiological experiments which I have made corroborate this 
view."" If this can occur in the spleen it is doubtless i)ossihle 
elsewhere in the organism, especially when we consider tliat 
red corpuscles average in diameter about ;,ooo inch, 

while the lumen of the majority of functional capillaries is less 
than one-half that size. Of course, corpuscles adjust them- 
selves to the dimensions of the structures surround them; 
but it is apparent that in many instances— the tortuous capil- 
laries of pericellular net-works, for instance— such a system 
could but compromise the free circulation of the fluids, and, 
simultaneously, the functional efficiency of the organ itself. 
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THE SPLENO-PANCREATIC INTERNAL SECRETION. 

From the data already submitted as to the functions of, 
and the functional relationship between the spleen and pancreas, 
it is evident that each possesses its own complete mechanism, 
and that in both organs, as elsewhere in the economy, the oxidiz- 
ing substance (adrenoxidase) or the blood containing it is the 
source of functional activity. 

Still, have we any reason to believe, with Popelski, that 
it is through oxidation that the iiitrapancrcatic trypsinogen 
becomes converted into trypsin? Can we say, for instance: the 
intrapancreatic (conversion of trypsinogen into trypsin is not 
effetded by tlie splcmic ferment, but by the oxidizing substance, 
when tlui efferent vagus nerves transmit appropriate impulses? 
We think not, miudi as such a ])roce8S would coincide witli the 
multij)lo functions that we have already ascribed to the oxidiz- 
ing substance. 

We have seen that when the ])ancroas becomes function- 
ally active its arterioh^s are (*aus(Ml to dilate by their vagal 
nerve terminals, and that the speed of the blood-flow through 
the organ is increased. Yet, while the net-work of capillaries is 
very rich, these encircle the seending lobules, and, though in 
close relation with the glandular epithelium Ixmeath the base- 
ment membrane, they in no way, as in the spleen, break up 
into reticulat(*(l tissue wlierein their blood is poured; they 
mei'cly lapse, as elsewhere in the organism, into venules, which 
idtimately carry the blood to the larger venous channels. 
Blood and trypsinogen do not come into contiud, therefore, 
in the ducts of the typical pancreatic lobule: that which text- 
books employ to illustrate the origin, centripetal migration, 
and functional elimination of the zymogen granules. These 
aiv^ lost in the lobuhar lumina and ultimately reach the greater 
du€t na its way to the intestine, without apparently having 
come into contact with the oxidizing substance. 

But, this being the case, how can we account for the ex- 
perimental evidence acJduced by Schiff and Herzen and other 
physiologists who have confirmed their work? How can we 
explain, for instance, the digestion of 17 grammes of albumin 
in 7 hours with pancreas obtained from a normal cat and no 
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digestion in 12 hours with pancreas from one in which the 
vessels of tlie splenic liilum liad been ligated: an experiment 
repeated many times, and always with identical results? 

It is evident tliat, if — as believed by Schitf and Herzen— 
the circulatory cycle must be traversed by the splenic ferment 
before the pancreas can be inlluenced by it, tliis ferment will 
merely pass throufjh the pancreas witliout in any way convert- 
ing trypsinogen into trypsin, and fruitless'y re-iaiter the s])lenic 
venous current. There being no conneedion between blood- 
stream and trypsinogen and none belwecm the latter and tlu' 
splenic ferment, Ave are now reduced to either deny flie need 
of any converting agency, and simultaneously close our eyes 
to all the experimental data adduced, — including l\>pelskiV, 
wdiich sustain the existence of sonic process which has imposi*d 
the necessity u]>on him of accounting for resnits Avitnessed,— 
or seek elsewhere for an explanation of the j)henomena rec'orded. 
^niaiiks especially to the labors of Langerhans,*^ Laguess(*,-'^ 
and Opie,*'^® this task Avill be greatly facilitah‘d. 

Laguesse having studied the islands of Ijangerhans in llu^ 
pancreas of an adult man (an executed criminal) and of a child 
Avliich has died several hours after birth Avithout having takem 
nourishment, and in the sheep, reached the following d(‘du(*- 
tion, quoted from one of our own revioAvs of liis Avork.'*‘* ‘Tjong 
before the pancreas begins its function as a digestive gland 
granules of secretion accumulate in the internal zones of the 
cells; and, Avhen these come into coninct with the hlood, a por- 
tion of them appear as though dissohed, Avhile in otliers the 
granules are resorbed. It might be supposed, Avith some 
reservations, that an internal secretion always exists in the 
cell, — very much developed, however, and preceding tlie ex- 
ternal secretion in the foetus. Later, each cellular group would 
be first full, then acinous, furnishing alternately an internal 
and an external secrction.^^ Opie refers to the observations 
of Kiihne and Lea^^ in injected specimens, in which these in- 


^Langerhans: Inaugural Dissertation, Berlin, 1869. 

® Laguesse: Comptes-Rendus Hebdom. des stances et memoires de la Societo 
de blologle, Paris^ No. 28, 1893. 

“Qple: Johns Hopkins Hospital Bulletin, Sept., 1900. 

» Laguesse: “Annual of the Universal Medical Sciences yol. y, 1894 
**^Ktthne and Lea; Untersuch. a. d. Physiol. Inst. d. Univ. Heidelberg, 11, 
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vestigators ^^found scattered through the organ glomerular 
structures composed of dilated and tortuous capillaries, and 
showed that these glomeruli correspond to the cell-groups 
which Langerhans described. The islands are penetrated by 
numerous wide, tortuous capillaries, which lie between cells, 
forming irregular, anastomosing columns. Material injected 
into the duct of tlie gland does not penetrate the islands.’^ 
The view that the islands of Langerhans furnish an internal 
secretion is indirectly sustained, and the histological topography 
outlined seems to funiish a clue to the meclianism involved: 
i.e., the existence of iivo sets of glmids capable of yielding similar 
prodiicis, but adjusted individually, as regards distribution, to 
the needs of two systems: the digestive system and the circular 
tory system. 

To develop this proposition and that on page 379, we 
will employ the excellent paper of E. L. Opie,*"'^ in which the 
entire subject is not only reviewed, but also greatly elucidated 
through personal investigations. The quotations from his 
article will be limited, liowever, to the features bearing directly 
or indirectly upon the question in point, as given in the above 
italicized lines : — 

^^Schiifer and Diamare think that the vascular islets prob- 
ably furnish an internal secretion. The only evidence in sup- 
port of this suggestion is contained in the short preliminary 
notice of Ssobolew. lie states that after feeding animals on 
carbohydrates the cells of the islands become more granular. 
After ligating the duct of Wirsung in dogs, the islands of 
Langerhans, ho finds, are not involved in the sclerotic; process 
which follows. He thinks that this fact explains the absence 
of glycosuria after ligation of the pancreatic ducts. In human 
cases I had observed after duct obstniction similar resistance 
of the islands to the consequent inflammation. In pancreases 
of two diabetics Ssobolew was unable to discover islands of 
Langerhans. 

^Tn the human pancreas the islands were found to be more 
numerous in the splenic end, or tail, than elsewhere. To 
obtain a numerical statement of their relative abundance, their 


**E. L. Opio: Lw'. cit. 
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number was determined in a sectional area of O.o square cen- 
timeter. Sections about 10 millimeters thick were made fmm 
the enlarged duodenal portion of the pancreas, or the head; 
from the midportion, or body; and from the splenic end, or 
tail. The following table gives their number in an area of 
0.5 square centimeter in sections taken from the head, body, 
and tail of ten normal organs: — 

TA.1JLE I. 


BOUV. TAlTi. 

1 14,0 18.0 80.0 

II 30.0 2r).0 42.0 

III 4.0 4.0 10.0 

IV 4.0 10 0 48.0 

V 27.0 18.0 7)0.0 

VI 25.0 27.0 20.0 

Vir IH.O 18.0 20.0 

VIII (5.0 10.0 20.0 

IX 44.0 82.0 (51.0 

X 14.0 28.0 82.0 

Avera^^e 18.3 18.0 34.0 


^^The table shows that the islands are more abun<lant in 
the tail, or splenic end, tlian in the head and in the body, 
v/here they are present in appro.xiinately ecjual number. Tlujy 
are almost twice as numerous in sections from the tail as in 
tiiose from other parts. Since the number in only one plants 
is recorded, in order to obtain tlicir actual relative abundance 
it is necessary to square these figures. They are tlum found 
to be sliglitly less than three and a half times as numerous in 
the tail as elsewhere. 

^^’’he cells composing the islands roseml)l(* those of tlie 
acini. They have a large, round, occasionally oval, vesicular 
nucleus and a conspicuous cell-body. The basal zone of the 
secreting cell, as is well known, stains deej)ly with nuclear 
dyes, — for example, haemato.xylin or methylene bijie, while 
the central portion, which contains zymogen granules, remains 
unstained. The cells of the island, however, do not stain with 
nuclear dyes, while with eosin their protoplasm takes a homo- 
geneous bright-pink color. The nuclei differ but little from 
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those of neigliboring acini. They vary considerably in size, and 
not infrequently one finds very large, round, vesicular nuclei 
whose diameter is two or more times that of those about. 
Occasionally the cells, forming columns between which are the 
anastomosing capillaries, are very closely packed together, and 
nuclei are situated almost side by side; more frequently the 
cells of the island are less numerous and the nuclei are less 
closely crowded together. 

^The outline of the island is usually round or oval, and 
is not infrequently accentuated by a delicate circle of fibrous 
tissue. In otluu* instances the outline is less sharp, and the 
body aercommodates its shape to that of the neighboring acini. 
Occasionally one sees, apparently within the island, cells ar- 
1‘angcd, as in the acini, about a central lumen, and, indeed, 
in many instaiU'C's it is dillicult to convince one’s self that they 
do not form part' of it. The impression is ])rodu(*ed that the 
columns of the island are in continuity with cells having an 
acinar arrangement. Since the islands and the secreting acini 
have a common origin, it is not inconceivable that they may 
occasionally remain continuous in the adult organ. When the 
fcetal pancreas is affected by congenital sy])hilis, the islands, I 
have found, vatiiin their continuity with the secreting struct- 
ures. 

“In the human pancreas the groups of acini about ter- 
minal ducts are not sharply defined by connective tissue; so 
that individual lobules, as in the human liver, are indistinctly 
marked off and in places apparently fuse with one another. 
In the panci'cas of the cat the lobules, like those in the liver 
of the pig, are mucli more sharply outlined by interstitial tis- 
sue. Details of structure have been studied in the pancreas 
of the cat. 

“The parenchyma is divided by septa of fibrous tissue into 
small polygonal areas in size and shape. When injected with 
Berlin blue, a small ramification of the duets is found to pene- 
trate tlio isolated group of acini. These subdivisions, or lob- 
ules, often appear completely isolated by fibrous tissue from 
those near by, but when one of them is traced through a series 
of sections its separation may be unifonn, and in places one 
finds the parenchyma of adjacent ''lobules in contact, the 
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dividing septa being incomplete. That these ])olygo!ial stniet- 
Tires are actually independent of one another and represent 
units of structure is readily demonstrated by causing an in- 
flammatory increiusc of the interstitial tissue. If tlu^ ]>ancreatie 
ducts of a cat are ligated and the animal killed at tiui end of 
two or three weeks, tlie gland ivS found to be the si'at of a 
chronic interstitial inflammation, characterized by an increase 
of the interlobular tissue. The lobules are completely sepa- 
rated from one anotlKU* by narrow bands of firm, fibrous tissue, 
and occur in sections as rounded, triangular, or ])olygonal arenas 
of parenchyma. 

^"The islands of Langerhans occupy a position near tlu* 
center of the lobule, and in the sphmic end of the gland each 
lobule contains an island. In a given section many h)I)ul(‘s 
whose limits are more or less distinctly outliiu'd are S(‘en to 
contain islands situated near their cenh'r, while in neighbor- 
ing lobules such structures may not bo disc'overabli?. If, how- 
ever, serial sections are studi(‘(l, every lobule is found to con- 
tain an island. Its presence within the lobule is not constant 
in other parts of the organ, and in the <‘\trcmity of the (hi- 
scending arm of the gland they are V(‘ry few in nnmher. 

“The lobnlcs are grouped about the medium-sized duds. 
The main ducts give off branches approximately at right angles 
to their course. Branching one or more times, a dtict forms 
the center of a group of lobules, which is usually elongatiMl in 
form and tapers to a point at or near the surface of the gland. 
Such lobule groups are separated from one another by rela- 
tively wide bmids of areolar tissue much loostjr in texture lljan 
tliat separating the individual lobules. The lobule groups in 
the fresh state or in tissue macerated a few days in .Muller's 
fluid may be separated from one anotlier by careful tiaising. 
In the loose tissue lie the larger ducts, arteries, veins, and 
nerves. An artery and vein penetrate each lobule group in 
company with the duct, and ramify between its lobules. The 
smallest arteries occasionally penetrate the lobules, but usu- 
ally branches, diminishing in size, give off capillaries which 
enter the lobule and form a close net-work between the gland - 
acini. 

‘‘The capillaries of the island of Langerhans form a 
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glomerulus of tortuous, freely-anastomosing vessels, much 
thicker than those between the acini. A single afferent ves- 
sel like that of the glomerulus of the kidney does not enter 
this group of dilated capillaries, but numerous anastomoses 
make it continuous with the interacinar capillaries. When 
J>erlin blue is injected through the aorta into tlie arteries of 
the pancreas, it not infrequently happens tliat in portions of 
the gland which are poorly injected the vessels of the island 



CAMERA-LtrCIDA TUACINCS OF LOBUl^K IjOtrNOAUIES IN' 

One of a Series op Seiotions from ttie: SriiisNio End of a 
Cat’s Pancuhoas. 

The majority of the lobules are well defined. Those marked d, 
c, f, 0, and h are poorly outlined, but are found to be more readily 
distinguishable when traced through the series of secretions. The 
lobules, which are lettered (« to o), were traced through the 
scries, and each was found to contain an island of Langerhans sit- 
uated near its center. The section passes through the island in 
lobules n, c, i, ;, and ft. U’Utfiene L. Opic.) 


are filled with the injected mass, while the surrounding capil- 
laries are, for the most part, empty. If instead of soluble 
ilerliii blue a granular injection mass — for example, cinnabar 
or ultramarine blue — is used, the islands may be injected, while 
ilie interacinar capillaries contain little of the injected mate- 
rial. The glomerular net-work is in very free communication 
witli the smallest arteries, and apparently has a richer blood- 
supply than other parts of the lobule. 
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“In the human pancreas lobules and lobule f^roups arc not 
SO regularly arranged as in the cat. But both structures are 
more or less clearly definable. The lobules vary nnich in 
size, and are usually not clearly separated from one another. 
Though an island of Langerhans is often situated in tlio cen- 
ter of a more or less clearly defined lobul(‘, no constancy of 
position is discoverable. The lobule groups are separated by 
relatively wide bands of loose .areolar tissue in which are con- 
tained the ined in in-sized ducts, the blood-vessels, and tlu^ 
nerves. Within a lobule group the arteries and veins, wbi(*b 
are side by side, do not, as in the cat, aec'onipany tlu' duets.'’ 

The multiplicity of facts reviewed in the fon^going pages 
and the intriiaicy of the whole (piestion inaki‘ it nee(‘ssarv io 
collate and group in logical seipience the salient fcaitures of 
each subject discussed, in order to render a fruitful ('onijiari- 
son of their merits possible. Xot only are wo re(iiiir(*d to 
analyze the questions involved in the light of the soli<1 data 
tliat tlie last forty years have furnish(‘d, — i.r., sinc(‘ Sebilf 
first studied tlie relations ludween the spleen and the pancreas, 
— ^l)ut all these must likewise be sustained by, and be in aceor<l 
with, the functional mechanisms of the organs involved as I 
interpret them if my own views are well hiiinded. If Buy ari\ 
they must necessarily assist us greatly in elucidating tlie 
various problems, physiological and pathological, to which ref- 
erence has been made, since the very elements which they in- 
troduce bear upon a predominating factor in all these jiroe- 
esses: i.e., oxidation. To this subdivision of the subject wi^ 
will, therefore, turn our attention. 

Can we ascribe to oxygen, or rather to the oxidizing sub- 
stance of the blood, the conversion of pancreatic trypsinogou 
into trypsin ? We have seen that in both the spleen and pan- 
creas the oxidizing substance seems, as elsewhere, to play the 
main functional role; the extrinsic and intrinsic vessels are 
disposed in a similar manner as regards their nervous rela- 
tions, and vasodilation calculated to increase the flow of 
blood through both organs is similar. Moreover, we have seen 
that in the spleen the dilation incident upon malarial in- 
toxication could be traced to the adrenals, — the primary sourci; 
of excessive oxidation, — ^while in toxic glycosuria we obtained 
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as clear evidence that overactivity of the pancreas could also 
be ascribed to these organs. Again, the ease with yvhich oxy- 
gen is thought to convert trypsinogen into trypsin — a mere 
current of oxygen through a solution of zymogen sufficing to 
produce trypsin — has been fully emphasized. Besides Heiden- 
hain^s labors in this connection, we need but recall Schifl’s ex- 
periment witli the two halves of a pancreas, one of which was 
infused at once and the other left exposed to the air a day, 
with the result that the latter alone proved active; and also 
that of Herzen, in which an infusion of active spleen mixed 
with an infusion of inactive (hence zyniogen-laden) pancreas 
proved very active, while a pancreatic infusion mixed with one 
of inactive spleen digested notliing. Heidenhain ascribed to 
oxidation the conversion into trypsin, in this experiment. In- 
deed, wlieu we consider the wealth of oxygen in the blood 
supplied the pancreas, direct from the lungs via the cceliac 
axis, it would seem as if it should be the predominating factor 
of the conversion processes involved. 

And yet, the oxidizing substance being a constituent of 
the blood-plasma, it would have to penetrate into the ducts 
per se and as oxidizing substance in order to carry out the 
required reaction. There is no evidence that a direct chan- 
nel, such as there is in the spleen, by means of which the 
capillaries directly pour their blood into the secreting struc- 
tures, exists. As may be seen in the annexed illustration, the 
splenic vessels actually terminate in the latter; ^Their walls 
become much attenuated, lose their tubular character, and the 
cells of the lymphoid tissue of which they are composed be- 
come altered, presenting a branched appearance and acquiring 
processes which are directly connected with the processes of 
the sustentacular cells of the pulp.”**® 

Nor is there evidence that canal iculi such as those of the 
hepatic cell exist by means of which the blood-plasma or its 
contents may directly find their way to a structure correspond- 
ing to bile-channels, which in the pancreas would be repre- 
sented by the ducts. Tjangerhans long ago demonstrated that 
canal iculi were present in the lobules between tlie epithelial 

“Pickering Pick and Howden: “Gray’s Anatomy/* 1901. 
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cells, but these, besitles being pyriform, tcminate as bliiul 
pouches, witli their orilicc directed toward the glamhdar lumen. 
Kaviotti also found these minute, delicate, pouch-like chan- 
nels. Eamon y C'ajal, using the Golgi metho.l, found that 
they sent offshoots into the cells themselves, hut that these 
also ended as blind imuches, their ampullar dilations never 
reaching beyond the line which separates the granular portion 
of the cell from the clear area. It is evident that these con- 
stitute collecting channels for the products of glandular metab- 
olism; a further indication that no free channel between the 
blood-stream and the ducts exists. 

Indeed, e.xperimental 2>roof to this effect is available: 
When the histological examinations of Kiihne and Opie were 



Tkumination op Sm.all I3i.ooi>-vkssei*s in the Spleen. (<;»■«//.) 
a , Small artery, h, Ves.scl undergoing lymphoid clningc. c. VokhoI 
continuous with supporting cells, d. Supporting cells. 

mentioned on page 391, it was noted that niaterial injected 
into the duct of the gland did not penetrate ilio islands of 
l^angerlians. If, on the other hand, Opie’s oliservaiion tliat 
injections of Berlin bine often filled the vessels of tlie island 
per se, leaving the majority of surrounding (‘apillaries empty, 
is considered in this connection, it is evident that there can 
be no direct communication between ducts and hloocl-stream 
through either the islands of Langcrlians or the glandular 
lobules that contain them. This involves an all-important 
<leduction, liowever, viz. : that the splenic ferment, as well as 
the oxidizing substance, merely passes through the pancreas 
in transit, tlie latter, in its usual capacity of reagent, being 
intended only to activate function. 


402 INTERNAL SECRETIONS OF PANCREAS AND SPLEEN. 


But how, under these circumstances, can we account for 
the experimental results reached by Schiff and Herzen, Heiden- 
hain, Lupine, Pachon and Qachet, and Popelski? All these 
observers in one way or another have unquestionably shown a 
direct relationship between the blood-serum and trypsinogen, 
Ileidenhain and Popelski considering oxygen as the convert- 
ing agency, with solid experimental data to sustain them; 
Schiff, Herzen, and the other investigators mentioned attrib- 
uting to the splenic ferment the same mission, with equally 
strong experimental backing. How account, for example, for 
the results observed in the following experiment of Herzen^s? 
Two fasting dogs, having received all the meat they could eat, 
were at once submitted to ligation of the pylorus, bile-duct, 
and jejunal end of the duodenum, and also, in one of the dogs, 
of the hilum of the spleen. Albumin having been introduced 
into the duodenum, both dogs were killed after seven hours. 
Tn the dog with ligated splenic hilum the albumin was intact; 
in that in which the splenic vessels were free, the albumin had 
disappeared. This and other experiments to which we have 
referred may, indeed, be said to prove — whichever be the pre- 
vailing converting agency — ^that a communication between the 
blood-channels and the ducts exists. 

We have seen that there is no evidence to show that the 
acini in direct communication with the ducts also open into 
the blood-vessels; these, as elsewhere, form a close-net-work 
around the acini, but they do not open into the blind pouches 
of the latter. Could the communicating channels traverse the • 
islands of Langerhans? That these organs do not possess such 
channels or even ducts has been shown by Dogiel,®^ who studied 
this question in a well-preserved human pancreas treated by 
the chrome-silver method, and in which the gland-ducts, ^^even 
in their finest intra-alveolar branches, were well stained.^^ Yet 
these structures possess morphological characteristics that are 
suggestive. Dogiel, for example, found that they possessed 
relatively large capillaries located in the cellular trabeculae. 
All investigators seem to agree upon the unusual size of those 
vessels. Kiihne and Lea define the islands as ^^glomerular 


Dogiel: B51im and yon Davidoff, Loc. oit. 
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structures composed of dilated and tortuous capillaries/- Opio 
calls them ‘S^ascular islcts^^ which are in "Sei*y free comimi- 
nication with the smallest arteries and a])})arentiy have a 
richer blood-supply than other parts of the lobule.” Tliat 
these dilated arteries are possessed of special fuiu'lioiis is siu^- 
gested by the fact that, ''if, instead of a solution of Berlin blue, 
a granular injection mass — for example, cinnabar or ultra- 
marine blue — is used, the islands may be injected, while the 
intra-acinar capillaries contain little of the injected material.” 
They appear to constitute alveoli or ampulhe ratlier than true 
vascular channels, in which what blood passes tlirough tlicin is 
submitted to some kind of process. 

An interesting feature in this connection was noted by 
Opie, viz.: the fact that the cells of the islands of Laiigerhans 
are in some instances continuous with the rc'gular glandular 
elements of the organ, in such a manner as to ])rolong the 
ducts of the latter by encircling them. "Occasionally,^’ says 
the author, "one sees, a])parently Avithin the islands, (‘ells ar- 
ranged, as in the acini, about a central lumcm, and, indeed, 
in many instances, it is difhcmlt to convince one's self that they 
do not form part of it.” This intimate relationshij) between 
the two sets of glandular elements is further emjdiasized by 
the manner in Avhich their capillaries are related. AVhile the 
smaller arteries or arterioles ramify between the lobules and 
supply the net-work of capillaries to the acini, they also com- 
municate with the tortuous and dilated vessels (d* the islands 
of Langerhans; so that the latter, as regards their vascular 
j'olations, really constitute glomerular expansions and olfshoots 
of the regular acini’s blood-channels. Vie thus have two sets 
of superposed glands around a common duct, the upper, or 
common acini, pouring their own secretion (or granules) into it 
through their microscopical ducts; the lower, those of the 
islands — possessed of no ducts or other orifices — presenting 
their dilated capillaries or alveolar walls so as to cause them 
to face, and perhaps slightly project into its lumen. If we 
now replace by an active circulation through all these vessels 
the cinnabar or ultramarine-blue injections referred to above;, 
the accumulation of the latter in the islands distinctly points 
to a similar process during life : ix,, accumulation of blood and 

2C 
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its normal result (with narrower blood-vessels at each end of 
the glomerulus) : centrifugal pressure. 

If we now conjoin Opie^s remark — ^^the impression is pro- 
duced that the columns of the island are in continuity with 
cells having an acinar arrangement^^ — and Malles observation, 
in his study of the microscopical anatomy of the spleen, — ^that 
“the ampullse and venous plexus have very porous walls whicli 
permit fluids to pass through with gi*cat ease . . — it 
seems probable that we hold the key to the situation. Indeed, 
what have we in tlie dilated glornerules of capillaries of the 
islands of Langerhans but vascular ampulhc? Centrifugal 
pressure under the circulatory conditions mentioned can have 
but one result: filtration of the blond-fluids through the am- 

pullar walls and into the ducts. 

It is, perhaps, unnecessary to point to the fact that, be- 
sides being the only functional mechanism warranted by the 
anatomical structures present, it also meets all the require- 
ments of the well-founded experimental data adduced. The 
precision with which it seems to liarmonize the two seemingly 
antagonistic features of the general function represented — f.c., 
the Schiff-llerzen spleno-pancreatic process .and the Ileiden- 
hain zymogen-oxidation process — ^is also noticeable. If it is also 
realized that all these elements of the general function now fall 
se(iuentially in the normal order of their physiological use- 
fulness, it will become apparent that I must have reached a 
solution — ^that submitted below — worthy of confidence: — 

1. The splenic ferment secreted into the splenic vein is car^ 
ried to the portal vein and by this vessel thrmigh the liver, thence 
by the hepatic vein to the inferior vena cava, and after passing 
through the cardiopulmonary circuit is distributed throughout 
the entire organism. 

2. Hie quantity of splenic ferment distHbuted to the pan- 
creas is proportionate to the amount of blood carried thereto by 
the pancreatic subdivisions of the splenic artery, and represents 
hut a fraction of that supplied to the general circulation, 

S. The splenic ferment distributed to the pancreas follows 
the course of its blood-channels, and is distributed to the ceU 
lular elements of the organ dissolved in the blood-plasma. 

4. On reaching the cellular elements, the plasma, through its 
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oxidizing subslance (adrenoxidasc), insures functional metabo- 
lism of both glandular structures present, — the lobular acini and 
their immanent structures, the islands of Langerhans, — tvhich 
metabolism, during the jKissive, or inactive, state of the organ, 
ends in the formation of the secretion granules. 

5. When at the end of the fourth hour of general digestion 
the panci*eaiic ferments are required in the inlesiinal canal, the 
vagus incites, sustains, and governs the functional activUy of 
both the pancreas and the spleen, and thus insures their sgn- 
chronous action as Jong as the jKincreatic ferments are needed, 

0. Intrmsic-nerve (vagal) dilation of the arterioles Ihul 
supply both the pancreatic lobules and the islands of Langerhans 
with capillaries consiitutes, as elsewhere, the mechanism I h rough 
which glandular activity is sustained ; but, the islands" vascular 
antpullce possessing no muscular layer, they become the scat, 
owing to their large size, of sufficient blood-pressure to cause Ihe 
blood-plasma and Us contained splenic ferment and oxidizing 
substance (adrenoxidase) to filirate through their walls. 

7. Some lobules are entirely composed of true secreting 
cells; others contain, besides, islands of Langerhans. hi the 
latter lobules the secretion, therefore, consists of two dilJerent 
bodies: the granules of the true sccreiing cells and the blood- 
plamia derived by filtration from the islands. 

S, The time secreting cells and those of the island being in 
continuUy and surrounding a common lumen (hpie), both 
bodies — ( 1 ) ihe zymogen, or irypsinogen-forming, granules, and 
(2) the plasma containing the splenic ferment and the oxidiziiKf 
substance (adrenoxidase) meet in this common lumen, whuh 
connects tvith the terminal ramifications of the pancreatic duct. 

This is about as far as we can proceed at proseiii, sincp wn 
can only surmise that, as soon as the products jcferrcd to iiu'ct 
in the glandular lumen, the splenic ferjneiit at ouce convei’ts 
the trypsinogen granules into liquid trypsin. Interesting in 
this connection, however, is the fact, observed by fiaguesse, 
that ^%ng before the pancreas begins its functions a« a digestive 
gland granules accumulate in the internal zones of the cells; 
and when these come into contact with the blood a portion of 
them appears as -though dissolved.” As is well known, this is 
I)reci8ely what happens even in true acini that do not belong to 
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lobules supplied with islands. When secretory activity occurs, 
the granules of the inner zone of tlie cells simply disappear in 
the central lumen; but how and in virtue of what agency they 
are transformed into secretion at this point has not been de- 
termined. In the lobules supplied with islands of Langerhans 
the effused serum more than satisfies this feature, since it sup- 
plies two agencies thought to be capable of converting the 
granules into iry|)sin ; but what of the lobules deprived of 
islands? How are their granules converted? 

To aiiswcM* these questions we must first asce]*tain whiidi 
of the hvrrnenls credited to the pan(*reas can be shown to orig- 
inate in the true acini. We have seen that, when the liilum 
of the spleen is ligated and no splenic ferment can find its way 
to the blood, the digestion of albumin ceases. It is, therefore, 
evi(l(mt that, in ac(*ordance with Herzen’s view, the splenic 
ft-rment is a sine (jiia non in the process through whidi tryp- 
sinogen is converted into trypsin. But why does the oxidizing 
substance not continue the conversion after ligation of the 
splenic hiluin? There is but one answer to this, viz.: Herzen’s 
zymogen and trypsinogen are not similar bodies; while zymogeii 
is converted into some pancreatic ferment by oxygen, trypsino- 
gen is not, and always requires the splenic ferment. 

To illustrate this fact we submit, in extenso, two of Claehet 
and Pachon’s experiments, perfonned to show that it was the 
spleen’s ferment, and not its luemoglobin, that converted pro- 
trypsin, which they term ‘‘pro ferment.” Believing that zymo- 
gen, which, as shown by Heidenhain, is very greedy for oxygen, 
and “])roferment” arc the same bodies, their aim is to prove 
that, injected in arterial blood, pancreatic ferments cannot 
be converted into trypsin therein. But, interpreted from our 
standpoint, — since the blood contains oxidizing substance 
whi(*h zymogen would readily take up, — these experiments 
prove that zymogen and their proferment (trypsinogen) differ, 
as stated. 

“As the prof('rment of the pancreas becomes very easily 
transformed into trypsin under the influence of oxygen,” say 
Gachet and Pachon, “it seems possible that splenic extracts, 
intensely colored by the luemoglobin, should owe their tryp- 
sinogenous power to the fixed oxygen of haemoglobin which 
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they hold in solution. If such is the ease, arterial blood, richer 
in oxygen, should render a i)aiicreatic infusion containing the 
profennent more active than venous blood. A. Herzen lias 
already studied this question and antjigonized it by means of 
appropriate experiments. On our side, we have tried to ascer- 
tain the value of this opinion in the following manner: — 

^‘Experiment IL — The pancreas of a fasting dog was al- 
lowed to macerate two hours in ten times its volume of a 
saturated solution of l)oric acid. By decantation, 200 cubic 
centimeters of tlie maceration liquid were taken and distrib- 
uted among four flasks: A, H, (<, and 1). 

“To A were added 20 (‘uhic ccaitimctcrs of defibrinatc'd 
arterial blood (obtained from the fasting dog). 

“To B were added 20 cubic centimeters of defibrinated 
venous blood (obtained from the fasting dog). 

“To C were added 20 cubic centimeters of congested spleen 
(aqueous maceration). 

“To 1) wore added 20 cubic centimeters of distilled water. 

“Tliese flasks, in each of which was introduced 1 cubic 
centimeter of albumin, were then ])laced in the oven at 39° C. 

“At the end of 4 hours beginning digestion was observed 
in flask C; villosities appeared on the surface of the cube of 
albumin, which continued to be attacked in an energetic 
inannci-. 

“A and B, after remaining in the oven 21 hours, did not 
show very clear traces of digestion. Their cubes of albumin 
presented slightly less sharp projections, and thedr angles were 
more rounded. The cube in flask I) was slightly attac'ked. 

“Experiment 111 . — -The pancreas of a fasting dog was 
divided into three parts and triturated: the first alone; tlie 
second with 20 cubic centimeters of femoral arterial blood; 
the third with 20 cubic centinmters of venous blood, taken, 
as was the former, from a fasting dog. These were t)laced in 
flasks A, B, and C, containing each 150 cul)ic centimeters of 
boric-acid solution. After remaining 2 hours in the oven the 
peptonizing power of the decantation liquids was tried. Tlieir 
proteolytic action was very slow; the first signs of digestion 
had appeared: in A after 16 hours of oven; in B and (1 after 
20 hours. Digestion was not further advanced in the flask 
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containing arterial blood than it was in that containing venous 
blood. 

^^It can be seen that in these two experiments arterial 
blood showed itself as inactive as venous blood. One cannot, 
therefore, ascribe the unquestionable action of the extract of 
congested spleen upon the pancreatic proferment to the oxy- 
gen of splenic tissue.^^ 

There is one feature in this connection, however, which 
requires elucidation : the influence that the use of fasting dogs 
iiiight have had on the experiments. We liave seen that under 
these conditions sii])rarenal activity becomes reduced; the 
blood may, therefore, contain but a minimum of oxidizing 
substance. Herzen performed an experiment which not only 
confirms our conclusion that zymogen and trypsinogen are not 
identical bodies, but also shows that fasting does not influence 
the results just given. As Herzen’s experiment has already 
b(‘en reviewed at lengtli, we will only reproduce its salient 
points. The pancreas of a fasting dog (hence rich in tryp- 
sinogen and. other ferment-forming agencies) was infused in 
glycerin, and this in turn was mixed with eight samples of 
blood (l)led directly in double its quautity of glycerin), four 
being taken from a fasting dog and four from a dog in full 
digestion with its spleen greatly dilated. The four samples 
were taken in both animals from the femoral artery, the 
femoral vein, the splenic artery, and the splenic vein. Fibrin 
was then added to each sample. ^^After 1 hour there was still 
no tnice of digestion under the influence of the femoral blood, 
arterial or venous, nor of the splenic arterial blood of the 
fasting dog; first traces of digestion wei’e beginning to mani- 
fest themselves under the influence of the splenic venous blood 
of this animal. Digestion was rather advanced in the case of 
the femoral arterial and venous blood and splenic arterial 
blood of the digesting dog; the fibrin had almost entirely dis- 
a])peared under the influence of the splenic venous blood of 
the same animal.” This seems to us to confirm not only the 
view held by Herzen, that the splenic ferment is the only 
agency capable of converting trypsinogen into trypsin, but 
also that trypsinogen does not, like zymogen, possess affinity 
for oxygen. 
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This may be further demonstrated by sliowing tliat oxygen 
does exist in the blood, and that if we were dealing with 
zymogen it would be oxidized therein. The oxidation of sugar 
converted from glycogen, we have seen, represents the main 
factor in the production of functional energy in the muscles 
and other structures. That sugar occurs in the blood nor- 
mally, but in small quantities, its combustion therein depend- 
ing mainly — as in toxic glycosurias — ^upon suprarenal activity, 
we have also seen. The more these organs produce of their 
secretion, the greater is the proportion of oxidizing substance 
in the blood, and suprarenal insufficiency means a correspond- 
ing increase of sugar in the blood through imperfect oxidation. 
Hence the oxidizing sul)stance is a sugar-destroying agency. 

That an agent capable of consuming sugar exists in the 
blood was ascertained by Lepine in 1880, who named it ^^glyco- 
lytic enzyme.^^ ITowell, refei-ring to this substance, says: ^Ht 
has been asserted by Lepine and Barral that there is normally 
present in the blood an enzyme capable of destroying sugar. 
Their theory rests upon the iindouhted fact that sugar added 
to blood outside the body soon disappears/^ This obviously con- 
stitutes another proof of the existence of oxidizing substance 
in the blood. 

Howell, referring also to the supposed source of Lepine’s 
glycolytic enzyme, says, referring to the pathogenesis of glyco- 
suria: ^^The most plausible theory suggested is that the inter- 
nal secretion produced contains a special enzyme, glycolytic 
enzyme, whose presence in the blood is necessary for tlie con- 
sumption of sugar. Such an enzyme may be ohlained from the 
blood, but it is not proved whether it is a normal constituent 
or whether it is produced after the blood is shed by the dis- 
integration of some of its corpuscular elements.^^ . . . ^^It 

is interesting and suggestive to state, in this connection, that 
post-mortem examination in cases of diabetes mellitus in the 
human being has shown that this disease is associated in some 
instances with obvious alterations in the structure of the pan- 
creas.^" That the glycolytic enzyme is, as oxidizing substance, 
a normal constituent of the blood is obvious; but the inter- 
esting feature to determine now is whether, as believed by 
Jjepine^ the pancreas is the source of the ferment, since, if it 
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were, it would constitute an additional factor in this organ^s 
physiological functions. 

To which of the two pancreatic active structures can we 
hypothetically ascribe the formation of the glycolytic enzyme? 
Laguessc^'^ has ascribed this function to the islands of Langer- 
hans. That these structures underlie some physiological proc- 
ess in addition to that already analyzed by us is undoubted. 
'^I'he fact that they contain large nuclei shows that they are 
physiologically active. ^‘The cells composing the islands re- 
semble those of the acini/^ says Opic; ^‘they have a large, 
round, occasionally oval, vesicular nucleus and a conspicuous 
cell-body.” They must produce some ferment or its zymogen, 
for Ssobolcnv found that feeding animals on carbohydrates 
caused them — i.e., their protoplasm — to become granular. 
This is indirectly confirmed by the fact that these bodies are 
often found diseased in diabetes. They had entirely disap- 
peared in two of Ssobolew’s cases. Tn a case of Opie*'^*^ hyaline 
metamorphosis was strictly limited to the islands of Langer- 
hans the glandular acini remaining intact. Flexner^'^ refers 
to this cause of diabetes as follows: “That it dej^ends upon an 
internal secretion supplied by the pancreas to the blood is 
highly ])robable. Whether this hypothetical secretion is the 
product of the cells of the islands of Tiangerhans is unproven.” 

The data bearing upon this source of diabetes are very 
few, — an unfortunate fac't, siiK*i^ these particular structures 
seem to us to play the predominating role in the production 
of glycosurias of paiu-reatie origin, now that we liave ascer- 
tained that they arc, through their ampulhe, the only thor- 
oughfares for the splenic ferment. Still, can we, with Laguesse, 
now consider them as the source of a glycolytic ferment? Were 
we to admit this possibility, we would find ourselves obliged 
to concede that the pancreas supplies the intestinal tract with 
a glycolytic ferment besides an amylolytic ferment, and we 
would have, as a result, the formation of maltose from food- 
starches and its immediate destruction by the glycolytic fer- 


Laguesse: Loc. vit. 

““Opio: Journal of Experimental Medicine, March 25, 1901. 
^^Flexner: University of Pennsylvania Medical Bulletin, Jan., 1902. 
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ment, thus annulling the very important functions of sugar in 
the economy. 

It is plain that the islands of Langerhans are nol the 
source of a glycolytic ferment. Of course. Professor Lopine 
has never, that we know of, sustained this view, his contention 
being simply that the normal pancreas contains a glycolytic 
ferment which finds its way into the lymph and blood, in which 
it controls the consumption of sugar by the tissues. And his 
experimental evidence, in the light of our views, shows this 
to be the case, since it all goes to prove that tlic oxidizing 
substance which enters the pancreatic circulation is a glyco- 
lytic body. This does not mean that it acts therein as such; 
indeed, the organic cells at once take up its oxygen for their 
own functional interchanges, the blood returning to the splenica 
veins as venous blood. But it is neverllu‘l(‘ss obvious that lA*f)ine 
should liavc experimentally found, as ho says, a glycolyti(‘ fer- 
ment in the pancreatic blood. All we show, therefore, is that 
Lepine’s glycolytic ferment is probably the oxidizing substance. 

But why should disease of the pancreas under these (‘ir- 
cumstances increase the proportion of sugar in the urine: a 
feature wliich T^epine ascribed to decrease of sugar destru(*tion 
and to the fact that ^^these lesions decrease the source of tlu* 
glycolytic ferment in the economy”? From our stand])oint, 
of course, the adrenals are the original source of the oxidizing 
substance: i.e.^ adrenal secretion plus oxygen. But does tliis 
account in an equally satisfactory manner for glycosuria? 
This introduces a very important feature of the entire analysis, 
one, indeed, bearing upon the pathogenesis of all forms of pan- 
creatic diabetes. 

Wo have previously referred to the fact that disease of 
the islands of Langerhans had been found to be a prominent 
causative factor of diabetes by various pathologists, and that 
Opie had witnessed a case in which these islands alone were dis- 
eased. This obviously points to the fact that, if in accordance 
with our view the ampullae of the islands are the pathways of 
the Schiff -Herzen splenic suhstance to the ducts, we are dealing 
either with obstruction or impaired conversion of trypsinogen 
into trypsin, or both simultaneously. Tf, bearing this feature 
in mind, we review the list of pancreatic diseases that cause 
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glycosuria, it will become apparent that these two factors ac- 
count for the phenomena observed in many cases : calculi, 
lipomatosis, hypertrophy, tumors, induration, and periglandular 
sclerosis. Atrophy, — a condition which in itself implies func- 
tional impairment, — on the other hand, constitutes the major- 
ity of the remaining pathological processes encountered post- 
mortem in this organ. 

But the question which now imposes itself is this: Why 
and how does a condition that interferes with the conversion 
of trypsinog(?n into trypsin or that impedes the passage of tlie 
latter to the intestinal foodstuffs cause diabetes? The answer 
now seems plain, viz. : became insufficiency of trypsin is fol- 
lowed by imperfect reduction of protcids to simpler bodies^ re- 
suiting in the formation, or imdeguaie splitting, of toxic albu- 
minoids, In other words, impaired pancreatic action of the kind 
mentioned gives rise to toxic glycosuria. 

Our interpretation of tlie general subject seems again to 
conciliate antagonistic views. Indeed, while Lepine^^ has 
affirmed that ‘‘the pancreas exercised a glycolytic influence,’^ 
Ohauveau and Kaufmann have held the opposite: i,e., that 
“glyctolysis is not diminished in diabetes, and that diabetes is 
exclusively due to an increase in the production of glucose.’’ 
We have shown that the arterial blood of the pancreas does 
contain a glycolytic body, — the oxidizing substance, — ^but we 
have also — by our analysis of Cartier’s paper and other data — 
demonstrated that suprarenal overactivity was the underlying 
(‘ause of toxic glycosuria: i,e,, a source of increased production 
of sugar. To further sustain tliis fact, we may recall that the 
coal-tar products, as already stated, possess a marked tendency 
to inhibit the functions of the adrenals, sufficiently, in some 
instances, to produce blood-disintegration. Lepine has himself 
oi)scrved that methaanoglobinuria could follow the use of anti- 
pyrin. This remedy is now classed among the most active 
agents at our disposal for the reduction of glycosuria. A 
remark of Professor Lepine proves this to be the case in 
another way. Heferring to experiments conducted with the 
collaboration of Porteret, he says, regarding the action of 


Lupine: “Le Diabdte,” Paris, 1899. 
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antipyrin, that, ^‘in the eases in which it exercises an anti- 
diabetic action, this substance acts, not by activating tlie de- 
struction of sugar, but by preventing its fonnation/'''^^ This is 
due, as explained in the second volunie, to the fact that anti- 
pyrin excites a center (the sympatlietic center, also described 
in the second volunie) whose purpose is to cause constriction 
of the arterioles after, as we have seen, they have been dilated 
by a cranial nerve. Antipyrin thus produces general constric- 
tion of the arterioles, and the blood admitted into the adrenals, 
pancreas, and liver — the main organs involved in diabetes — 
being reduced, the ^‘formation’'' of sugar is actually prevented. 

in view of these facts, what is the nature of the ju-odiict 
the existence of which tlie jirominent nuclei and th(‘ granules 
observed in the protoplasm of the islands indicate? I'his is 
elucidated by two other features just brought out, namely: (1) 
tliat glycosuria may be the result of intoxication by toxic 
albuminoid bodies incident uiion an insufficiency of trypsin, 
and (5) that disease limited to the islands, as shown by Ojiie, 
can cause glycosuria. It is 2 >hun that, in the latter case, ihe. 
permeability of the ampul he b(*ing alone compromised, the 
pancreatic lobules that contain no islands nw, free as to tlu? 
elimination of tluur secretion into the duels. If th(‘y produce 
trypsinogen, — i,e,, trypsin, — why arc the f unci ions of the lattcu* 
inhibited or absent as indicated by the glycosuria? ^rhe only 
logical answer to this (juestion is that the islands of Langerhaus 
alone secrete trypsinogen. 

This fact, when added to others reviewed, normally leads 
to another deduction: i,e,, that, in addition to any otlu^r fuiu!- 
tion it may possess, the spleen and the islands of Langerkans 
are fnnctionally united in the formation of a. ferment, — trypsin, 
— which is able to digest albuminoid bodies in Ihe blood-fitream. 

We can now readily understand why the spleem and the 
pancreas are so intimately connected through their nervous 
supply. Indeed, this throws light upon a phenomenon wliich 
we approach almost with diffidence: i.e., Claude Bernard’s 
experimental glycosuria obtained by puncturing the medulla 
oblongata. ^^That pathological conditions of the central nerv- 


The italics are Professor Lupine’s. 
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ORS system and perhaps of the sympathetic and larger periph- 
eral nerves may give rise to glycosuria and diabetes is, of 
course, established/^ says Flexner.^® "'The number of neu- 
ropathic conditions in which one or the other of these has 
been found is now considerable. The one definite condition, 
the effect of tvhich is constant, is Claude Bernardos piqure, and, 
as bearing out the physiological relationship existing between 
certain unknown strvetures in the floor of tlie fourth ventricle 
and the glycogen-store in tlie liver, may be cited the instan(*es 
of lesions (haimorrhages, softening, tumors) in man observed 
in this situation with which glycosuria has been associated. 
Idiat cerebral and perhaps spinal disturbances other than those 
in the region of tlie fourth ventricle may be associated with or 
followed by diabetes many clinical cases prove. On the other 
hand, there is no evidence that would show that it is the direct 
influence of the central nervous system upon the carbohydrate 
metabolism that produces hyperglycannia and glycosuria. In- 
deed, the experiments in which the splanchnirs were sectioned 
after piqure (Claude Bernard and others) without producing 
ghjeosuria show tlie necessity of the interaction of other or- 
gans.”**^ 

Bead in the light of all we have said, — particularly the 
allusion to the relationship between the medulla and the 
suprarenal glands through the splanchnic, — these lines, from 
so competent an observer as Flexner, and which confirm those 
of (-artier as to the action of section of the splanchnic, seem to 
us to afford confirmatory evidence based upon the most solid 
labors of the last half-century and to embody Claude Bernard’s 
own sanction. To analyze their far-reaching meaning would 
involve the repetition of what has been said in all this volume. 
Formulated as a deduction, the functional relationship between 
the floor of the fourth ventricle and glycosuria would be as 
follows: Puncture of the floor of the fourth ventricle (Claude 
Bernard) causes glycosuria because the increased blood-supply in 
the injured area incident upon the local reparative process corre^ 
spondinghj excites the normal structures around this area. As 


Flexner; Loc. rit. 
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these structures inciudG nerve-fibers which govern the adrenals, 
these organs are siiniulated and ghjcosuria is produced by their 
secretion. 

What we might term the intrinsic functions of the pan- 
creas have now been analyzed ; the importance — also in con- 
junction with tlie spleen — of its extrinsic functions must now 
bo inquired into. Foster states that pancreas taken fi*esh 
from the body, even during full digestion, contains but little 
ready-made ferment, though there is present in it a body which, 
by some kind of decomposition, gives birth to the ferment.*" 
. To this body, this mother of the ferment, which has 
not at present been satisfactorily isolated, but wliicdi appears to 
be a comy)lex body, splitting up into the ferment, which, as 
we have seen, is, at all events, not certainly a protend body, 
and into an undeniably proteid body, tin* name of zymogen 
has beem applied. But it is better to reserve the lerm zymogen 
as a generic name for all such bodies as, not being themsedves 
actual ferments, may by internal changes give rise to fiTuumts, 
— for all ^mothers of ferment,’ in fact, — and to give to the 
particular mother of the pancreatic proteolytic ferment the 
name trypsinogen.” Jn other words, and in ac(!Oi*d with pre- 
vailing custom, each zymogen is named from the ferment it 
produces: the zymogen of trypsin being ^Trypsinogen” ; that 
of pepsin, ^^pepsinogen,” etc. Tt is thendore ])ermissib1e to 
use the term ^^amylopsinogen” as the main product of the true 
lobular acini to difterentiate it from trypsinogen, the jirodiud 
of the islands of Langerhans, reserving the term zymogen as 
a generic term for all pancreatic ferments. As ^V.ymogen” 
under these conditions, it preserves characteristics attril)ntt‘d 
to it by Heidenhain ; it is soluble in water, in which it is split, 
after exposure to the air, into tryf)sin, etc. ((Hiarles). The 
conversion of trypsinogen into trypsin has been ascribed to 
oxygen ; but if my views are sound and the former is the 
normal product of the islands, the portion distributed through 
the pancreatic ducts is intimately combined with the splenic 
ferment in the ampullae as fast as formed, so that it can never 
be obtained as trypsinogen. Hence, oxygon will split zymogen 
into trypsin, etc. ; but trypsin is not oxidized trypsinogen. 

^ The italics are the author’s. 
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We have followed the course of the blood from the splenic 
vein and back again to the splenic artery which supplies 
branches to the pancreas, and we have seen that on its way 
through the latter the arterial blood surrenders its oxygen to 
the cells and its splenic substance to tlie islands. The domi- 
nant feature of the extrinsic functions of the pancreas is* its 
power to destroy albuminoid toxic bodies, and it is evident 
that tlie splenic ferment, the mission of which is merely to 
unite with trypsinogen to form trypsin, cannot do this alone. 
Jt is trypsin that constitutes the antitoxic body, and it is the 
])ancreas, therefore, that supplies it to the organism. How 
does it penetrate the general blood-stream? 

Xow tliat we have ascertained tliat the islands of Langer- 
hans are the seat of manufacture, as it were, of at least a part 
of this antitoxic agency, and that it collects (combined) in the 
ampiilhe, the manner in which the general circulation becomes 
supplied with it is clear: i,e,, the quantity that permeates 
through the ampullar walls is but a portion of their contents, 
and the rest is swept away with the blood and reaches the 
splenic vein through the pancreatic veins. But this does not 
mean that trypsinogen may not be carried alone in the same 
manner to the splenic vein and therein combine with the 
splenic ferment to form trypsin. In fact, this must constitute 
the prevailing process, if the anatomical distribution of the 
islands of Langerhans, as observed by Opie, can serve as guide. 

As we have seen, Opie found that the islands of Langer- 
hans were over three times as numerous in the splenic end 
of the pancreas as elsewhere, and that the part of the organ 
not in (*onimuni(*ation with the splenic vein — the extremity 
of the descending arm — contained none. Moreover, each lob- 
ule in the splenic end of the organ was found to contain an 
island : a very suggestive fact. The tip of the pancreas, which 
is almost in contact with the spleen, thus marks the starting- 
point of the islands; so that trypsinogen begins to enter the 
sj)lenic vein almost at the hiliim. Pancreas and splenic vein 
being connected by several short venous radicles at about 
regular intervals, the blood in the vein must became literally 
saturated with trypsinogen, and its blood be replete with tryp- 
sin when it reaches the portal vein, during the active stage of 
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intestino-portal digestion. We have seen in Herzen’s experi- 
ment how rapidly albumin was digested with blood obtained 
from the splenic vein during this stage. 

That the amylolytic ferment derived from Ileidenhain’s 
zymogen is also carried to the splenic vein is probable. I have 
shown that it was through the elfects of this ferment that 
the liver glycogen was converted into sugar, and that the im- 
portance of the latter, when distributed to the muscles and 
other structures in which it is consumed, was very great. l"hat 
the conversion of glycogen into sugar is a continuous process 
and that it is independent of digestion are recognized facts, — 
and necessarily so, since the activity of the functions that 
entail the use of glycogen may at any moment be increased, 
the tissues requiring replenishment to a correspondingly great 
degree at the expense of the liver reserve. How co\ild this 
predominating function be carried on in the perfect manner that 
it is, were it connected with, or did it depend upon, any digestive 
process? Again, if present views prevailed and the amylolytic 
ferment were to only reach the liver after being secreted in 
the duodenum by the pancreas, then absorbed by the venules 
of the villi, liow could we account for the conversion of gly- 
cogen between the periods of active digestion ? I'hat the intes- 
tinal tract is not the channel traversed by the portion of pan- 
creatic amylopsin devolved to the conversion of glycogen into 
sugar is also suggested by familiar experiments. 

We have seen that the insertion of a piece of pancreas 
into the tissues of an animal showing marked glycosuria, after 
removal of the pancreas, will cause it to disappear. This ap- 
parently constitutes a direct contradiction of all the foregoing 
statements; but such is not the case in reality. Minkowski^* 
confirmed the fact, observed by other investigators, tiiat gly- 
cogen quickly disappears after removal of the pancreas. This 
indicates two important features: i,e., that glycogen is no 
longer formed after removal of the pancreas, and that some 
other agency converts it into sugar. Why removal of the pan- 
creas should prevent the formation of glycogen may probably 
be accounted for by the fact that the absence of trypsin causes 


"Minkowski: Berliner klin. Woebensebrift, No. 5. 1S92. 
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the digestion of albumins in the duodenum to cease^ as shown 
in the Schiff-Herzcn experiments. That the conversion of 
food-starches into maltose is also, owing to the absence of 
amylopsin, arrested, is evident. The only substitute for this 
ferment available is ptyaJin; but though the salivary secretion 
— at least, its ptyalin — is quantitatively increased after removal 
of the pancreas, it is inadequate to convert all the starch 
required to compensate for the glycogen used. The glycogen, 
gradually converted by what ptyalin is swallowed with the 
saliva between meals, therefore disappears. The fact that 
ptyalin converts starch partly into dextrose greatly hastens 
the disapja*a ranee of the gly(*ogen, tlic primary sugar of which 
is mainly maltose. It would seem, therefore, that the glycosuria 
folloiring extirpation of the pancreas is due to the action of 
ptyalin npon food-starches. 

That the salivary secretion is gradually increased after 
removal of the pancreas is sustained by experimental evidence. 
Aldehoff**^ observed that glycosuria only appeared from 24 to 
4H hours after the operation in turtles; in frogs it only ap- 
peared after four or five days, ‘^slight at first, becoming more 
intense later on/^ Minkowski^''* found tliat it sets in after two 
or three days in dogs, under the same conditions. Again, dur- 
ing its passage through tlie stomach ptyalin acquires increased 
energy as a ferment. Charles'*® refers to this question as fol- 
lows: “(fiiittendcn and Griswold find that the presence of acid, 
as hydrochloric acid, to the amount of 0.005 per cent, dwidedly 
increases the diastatic action, while an increase beyond this 
diminishes it, the action stopping with solutions of acid from 
0.1 to 0.4 per cent.; the diastatic action of the saliva would, 
therefore, appear soon to cease in the stomach, but the peptones 
in that organ exercise a decided influence on salivary digestion, 
stimulating the ferment to increased action, particularly in 
presence of acid, which by itself may completely prevent the 
(diversion of starch into siigar.^^ Mering found that starch 
acted on by saliva yielded dextrin and maltose at first, then 
after some time grape-sugar. 


<*AWehoff: Zeltschrift fttr Blologle, Munich, Bd. xxviil, p. 293, 1892, 
“Minkowski: L(h\ cit. 

“ Charles: Loc, cit. 
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Yet, glycosuria so produced may, we have seen, be pre- 
vented by grafting a fragment of pancreas under the skin, 
ilinkowski^^ grafted such fragments in tlie dog, cat, and pig, 
removed from the pancreas of these animals. When the graft 
had become adlierent and functionally active, he removed the 
rest of the pancreas. No glycosuria appeared until the grafted 
portion itself had been removed. Besides indicating that 
ptyalin glycosuria prevails after resection of the ])anc:rcas, the 
fact that grafts can preserve normal functions clearly shows 
tliat the intestinal canal is not tlie only region wlierein split- 
ting of carbohydrates and proteids may occur. Each graft 
evidently received its blood tlirougli newly-formed vessels. 
This blood doubtless contained splenic ferment, since, as pre- 
viously stated, the greater portion of this ferment really enters 
the general circulation via tlie liver, and ultimately readies 
tlie poi’tal circulation, probably by tlie lie])atic artery, in the 
experimental animals. Such being the case, it is evident that 
the splenic vein can, hesides the intestinal villi, serve as a channel 
for the transmission of the pancreatic and splenic ferments to 
the licer. 

Here, again, liowever, we are brouglit to realize that the 
splenic ferment is not merely a local agency, but one which 
during spleno-j)anereatic activity forms part of the entire 
blood-stream. I have given striking evidence of this in 
llerzeiTs experiment with blood taken from various arteries 
and veins. We saw that blood taken from the femoral vessels 
(arterial and venous) of a dog in full splenic digestion proved 
active in digesting albumin, and tliat the blood of the splenic 
vein was exceedingly active. Indeed, the blood whidi is so 
active in the pancreas originates from the cmliac axis, lungs, 
heart, etc., — ix., from the general circulation, — and only con- 
tains the proportion of splenic ferment which tlie entire blood- 
stream contains. But a question suggests itself here: If, by 
the combination of trypsinogen and the splenic ferment, tryp- 
sin is formed, is it not trypsin-laden blood tliat re-enters the 
pancreas? Trypsin ivonld re-enter this organ were the relativi- 
proportions of the two bodies not regulated by the vagus. As 


Minkowski: Loc. cit. 



420 INTERNAL. SECRETIONS OF PANCREAS AND SPLEEN. 

we find that a slight excess of splenic ferment will serve the 
physiological process in the pancreas, — to supply the intestinal 
canal, — if we grant the vagus even one-tenth of the truly 
wonderful prerogatives it seems to possess, we can readily as- 
sume that, by regulating the quantities of either ferment al- 
lowed to enter the blood-stream, it provides just the excess of 
splenic ferment in the pancreas to insure perfect function 
during the digestive process: all features which indicate that 
trypsin is a constituent of the entire bloodstream when albu- 
rn inoids are undergoing digestion in the alimentary channels. 

The far-reacliing meaning of all this is suggested in the 
following deductions: — 

1, The cleavage processes to which trypsin submits albumins 
in the intestinal canal include the preliminary steps of a pro^ 
tective function, 

2, The spleno-pancreattc internal secretion is represented 
by the trypsin which reaches the portal vein by umy of the 
splenic vein, and tvhirh continues in the bloodstream the cleav~ 
age processes begun in the intestinal canal, 

S. The main function of the spleno-pancreatic secretion, 
trypsin, in the bloodstream, is to protect the organism from the 
effects of the toxic derivatives of albuminoid bodies of endoge- 
nous or exogenous origin, including toxins. 



CHAPTEB IX. 


THE ADBEXAL SYSTEM JX THE EUXCTIONS OF 
THE HEAKT AXD LUXGS. 

I HAVE repeatedly referred to the functional connection 
between the secretion of the adrenals and the lieart. Is this 
(connection direct or is it indirect? In other words, is it the 
resiilt of a direct stimulation of the heart-muscle such as is 
j)roducod by supi’arenal extract, or of the stimulating^’ effect 
to which the increase of oxidizing processes, including those' 
of the cardiac cerebro-spinal centers, give rise? Analysis of 
this (picstiori tends to sliow that ])otIi ])ro(*('sses prevail simul- 
taneously when from any cause the adrenals become over- 
active. 

THE A13RENAT. SECRETION AS THE SOURCE OF THE FUNC- 
TIONAL ACrrVlTV OF the right heart. 

As fresldy-oxidized blood is constantly being supplied to 
both sides of the heart, the specific action of digitalis upon 
'the right heart to which I have referred cannot be ascribed 
to the oxidizing substance. Again, it would seem that the 
su])rarenal secretion itself could hardly be credited Avith a 
local stimulating action upon the cardiac walls when the thick- 
ness of the inyocardium is recalled, unless the latter be pro- 
vided with channels calculated to insure tlic penetration of 
the secretion to its deeper tissues. Not only do sucli chan- 
nels exist, however, but they are so disposed as to enable the 
adrenal active principle to permeate the entire myocardium 
and be equally distributed among the contractile elements. 
The channels to wdiich I ascribe sucJi important functions have 
been known as the ^^foramina of Tliebesius.^^ 

These canals are described in Oray^s ^^Anatorny^^ as fol- 
lows: ^^The foramina Thebesii are numerous minute apertures, 
the .mouths of small veins (vena* card is minima*), which open 
on various parts of the inner surface of the auricle. They 
return the blood directly from the muscular substance of the 

W) 
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1 1 cart. Some of these foramina are minute depressions in the 
walls of the heart, presenting a closed extremity.^^^ This in- 
formation would alford but little light could we not supple- 
ment it with an excellent paper by h\ H. Pratt, ^ in which tlie 
trniriiion of the heart through the vessels of Thebesius and 
(lie coronary veins is studied. How much we are indebted to 
the author for his investigations is suggested by the following 
remarks: ^^So far as I have been able to determine, no experi- 
menial pliysiological work has ever before been done on the 
vessels of Thebesius; all oj^inion regarding their functional 
impoi'tance has rested upon the assumption that they only 
serve as veins, convoying a part of the venous blood from tlie 
(‘oroiiary capillaries through the foramina Thebesii into the 
cavities of the heart.^^ 

After referring to the labors of Thebesius (1708), Vieus- 
sens (1757), Haller (17cS()), and Abernethy (1798), the author 
reviews the more modern investigations of Bochdalek,^ which 
led to the conclusion ^^that the greater number of the small 
o])onings on the inner surface of the right as M'ell as the left 
auricle, which from early times liave borne the name of 
foramina Thebesii, represent the mouths of little veins that, 
offcn uniting into larger vessels, course with many branches 
ihrongh the auricular walls/* LangePs researches^ on the 
foramina of the human heart are next analyzed. ^^Vith the 
aid of the blow-pipe, and by means of a watery injection-mass 
coloi’cd with Berlin blue, he demonstrated these foramina in 
all the cavities of the heart. He succeeded in injecting the 
vessels of Thebesius not only from the coronary vessels, but 
from the endocardial surfaces as well. Bochdalek’s observa- 
tions regarding the presence in both auricles of foi’amina 
Thebesii were thus confirmed, and the fact of a communication 
between the coronary vessels and each of the four cavities of 
the heart was thoroughly established. The foramina which 
Langer found on the endocardial surfaces of both ventricles 
were similar to ihose in the auricles, but much smaller. They 


^ All Italics nro our own. 

- F. II. Pratt: American Journal of Physioloffy, vol. i, p. S6, 1898. 

•* Uochdalck; Archiv fur Anat. u. Plivs. u. wiss. Med., Leipzig:, p. 314, ISGS. 

‘ I^augrcr: Slfzb. dcr k. Akad. dor W'isseusch. zu Wien, 1880, Bd. Ixxxii, 3 
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were most conspicuous on the papillary muscles and in tiie 
neighborhood of the great vessels, being less easily seen in the 
region of the apex, where they were obscured by the trabecular 
net-work/^ 

Very suggestive in connection with .my own views are also 
the observations of Gad"‘ on the vessels of Thebesius in the 
ox, and to which Pratt refers in the following words: ^Mn the 
method which lie describes for demonstrating the action of the 
valves of the left lieart, wherein water under pressure is made 
to till the ventricle and aorta, he noticed that water flowed 
into the right heart from the foramina Thebesii. On illniiiinat- 
ing the interior of the left ventricle he was enabled to see fine, 
blood-stained streams issuing from the endocardial wall into 
flic clear water with Avliicdi the cavity was filled.'*^ Finally he 
reviews the labors of Magrath and Kcmnedy,'' who, ^Svorking 
with artificial cii’ciilations of defibrinated blood on the isolated 
lieaii: of the (ut, ohserved that a small porfion of tlu‘ coronunj 
blood found its way into the left ventrlole. The only possible 
source of access other than from the vessels of Thebesius was 
leakage past the aortic valves. This leakage*, as shown by a 
.manometer-record of aortic pressure, did not occur/’ 3du3 
author closes his review of the literature of the suhjcict with 
the statement that ^hiotwithslanding these ]iainstaking ob- 
servations, the vess(‘ls of Thebesius still occaipy a v(‘ry obscurer 
position in anatom i('al literature. Foramina ddi(‘h(*sii are re- 
ferred to as constant in the right auricle, forming in part tin* 
mouths of small veins. '^I’heir occurrence in the hd't auricle is 
occasionally mentioned. But the fact that the vrssrfs of 7'hrhr~ 
sius open into all the chambers of the heart — ventricles as well 
as auricles— is hardly recognized.”^ 

In the author’s own experiments, various agents were in- 
jected at a constant pressure, through the coronari(?s of fr(*sh, 
often still living, hearts of the ral>bit and dog. 1’hey showed 
that liquids in these vessels penetrate into the heart cavil i(^s 
through the endocardial foramina, thus verifying the foreg*f)ing 


® Gad: Archiv fiir Physiologic, p. 380, 1886. 

Magrath and Kennedy: Journal of Experimental Medicine, vol. ii, p. 13, 

1897. 
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data. As the cannula was tied directly into the artery, the 
liquid could only reach the cavities through the foramina, while 
in all experiments care was taken to avoid high pressures. In 
the heart of the ox the endocardial depressions were found 
^h’egularly larger in the auricles than in the ventricles,” while 
in the right auricle ^^they may,” he states, provided with 
thin, single valves, especially about the origin of the great veins/* 
In the left auricle the depressions are fewer in number and 
unprovided with valves. ^^Foraniina Thebcsii are never absent 
from the ventricles/^ says Dr. Pratt. “In the right ventricle, 
which is especially well provided with them, the larger number 
are seen upon the septal wall. It is often much more difficult 
to find them in the left ventricle, although a diligent search is 
never without a reward” . . . “structures, accessory to 

these ventricular foramina, which might in any way serve the 
oflice of valves I have not seen.” . . . “On the injection 
of the vessels of Thebcsius wdth air by means of the blow-pipe 
applied to the foramina, characteristic, fine, subendocardial 
ramifications, which very frequently conduct the air into other 
Thebesian systems, or even into the great coronary veins will 
seldom fail to ap})ear.” The latter point is also sustained by 
experimental evidence. 

The fact that the right side of the heart is endowed with 
a more perfect system of canalization than the left is suggested 
by the following remarks: “The ease with which injections 
of air and blood could be made to demonstrate the connection 
between the vessels of Thebesius and the coronary veins caused 
me to doubt the opinion expressed liy Tjanger that the foramina 
Thebesii in the ventricles cornmunicate with the veins by capil- 
laries alone. To settle this point; I injected the coronary veins 
of the' ox with starch and celloidin masses, both too thick to 
pass the capillaries, and found that even these emerged from 
the foramina Thebesii of the right ventricle. So intimate a 
connection, liowever, between the coronary veins and the ves- 
sels entering the left ventricle I have not yet been able to demon- 
strate/* The author also says: “By means of a very successful 
corrosion preparation, made by injecting the veins of an ox- 
heart with celloidin, I was able to trace the communication. 
In this preparation the position of some of the foramina 
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Thebesii was marked by small disks of the hardened mass 
formed by the oozing out of the celloidin upon the endocar- 
dium. These foramina were shown to be connected with the 
smaller coronary veins by fine branches. Tlie still finer rarni- 
lications which^ as Langer has demonstrated, lead from tlie 
foramina and branch directly into ca|)illaries were here unin- 
jected; they would appear only when injected from the fora- 
mina themselves.^' 

The only connection between the vessels of Thebesius and 
the coronary arteries that he could find, notwithstanding re- 
peated attempts, was by capillaries. Bochdalek having ob- 
served that the foramina of one auricle communicated witli 
those of the other, he was able by blow-])i])e injection to verify 
the correctness of this view, the air of one auricle having passed 
out through a similar exit into the other. 

To sustain his view that the nutrition of the heart may 
be carried through the vessels of Thelx'sius some time after 
the coronary arteries are absolutely oblite]‘ate<l, a miniber of 
experiments are related. Thus, fluid introdiu'c'd into the ven- 
tricle of an isolated heart, by means of a cannula passed down 
to this cavity, and tightly held in situ by a ligature p«^ssed 
around the auriculo-ventricular groove, only found its way 
through the vessels of Thebesius. Detibrinated blood, inserted 
into the organ through this cannula, brought on, often within 
one minute, ‘‘^strongly marked, co-ordinated contraction of the 
venti’icle.” As the blood thus introduced would l)ecoine venous, 
the action would become gradually reduced, but renewal of 
the l)lood would at once cause the heart to resume its normal 
action. ^‘With a periodic supply of blood,” says the author, 
‘Sand with favorable temperature and moisture this may con- 
tinue several hours.” That mere mecliaiiical stimulation by 
distension did not cause the j)henoniemi witnessed is demon- 
strated by the alternate use of Ilinger’s solution and defibrin- 
ated blood. While the solution failed to sustain contractions, 
blood always succeeded. 

Another experiment served to demonstrate that a true 
circulation could take place between the vessels of Thebesius 
and the coronary veins. The organ being disposed as stated 
above, two of the coronary veins were incised; "a small, but 
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j^teacly, stream of venous blood issued from tlicm/’ Under the 
same conditions the descending branch of the left coronary 
artery was opened. “No How ot blood occurred from the artery, 
although there was a free escape from an incision in an ac- 
companying vein.” In still another experiment the trunks of 
both coronary arteries were ligated and the ligature around 
tJie ventricles omitted. “The supply-cannula was tied into the 
ventricle through tlie oarta. On the introduction of blood 
the left ventricki alone liegan to beat strongly and regularly 
. tile blood found its way in jiaii; into the right ven- 
tricle, coming of necessity through the walls. . . The 

blood from tlie left ventricle had thus found its way into the 
rigJit one. Finally, he riders to the sticking analogy wliich 
this nutritional system presents to that of the frog and cat. 
In the frog the heart is almost entirely nourished “through 
the branching passage's that carry the blood from the interior 
of the lieart neai'ly to the pericardial surface.” 

On the strengdh of all this eviden(*e. Dr. Pratt concludes 
(giving only tlu* features that Ix'ar directly upon the ([uestion 
we are analyzing) that: “1. 4die vessels of Thebesius open 
from the vi'iitricles and auriides into a system of tine branches 
that communicate with the coronary arteries and veins by 
means of capillaries, and with tlu* veins — but not with the 
arteries — by ])assages of somewhat larger size. 2, These vessels 
are capable of bringing from the ventricular cavities to the 
heart-muscle sutlii'icnt nutriment to maintain long-continued, 
rhythmic contractions, o. The heart may also be elTectively 
nourished by nu’ans of a flow of blood from the auricle back 
into the ('oronary sinus and veins.'’ d’he author concludes 
with the very ajipropriate remark: “It is evident that the nu- 
trition through the vessels of Th(*besius and the coronary veins 
must modify in no slight degree the existing views of the 
nutrition of the mammalian heart, and of the manner in which 
infarction of the heart takes place.” The clinical features of 
this question will be considered elsewhere. 

Viewed from my standpoint, the vessels of Thebesius are 
more concerned icith (he dynamics of the heart than with the 
nutrition 7)f this organ, though the latter function is not to be 
ignored, particularly in the sense emphasized by Pratt : Le,, 
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as a source of compensation. That nutrition of the loft licart, 
auricle and \x'ntriclo, constantly tilled with arterial blood, ('an 
result from a flow of the latter through the Thebesian vessels 
seems clear, but nutrition can hardly l)e associati'd with a 
similar process in the right lu*art, with nothing but rrnous 
blood to propel through the Thebesian channtds. That nu- 
trition, th(^ recognized prerogative of arterial blood, owing to 
its oxygen, cannot be the active factor h(*r(‘ is evident. 

The right heart s(‘ems, judging from the anatomical ar- 
rangement of the parts ('omrrned in the ])ro('ess, to ])lay a 
|hysiological function of a special kind. While the TlielK‘sian 
openings are larger in the auriel(*s Ilian in the vcmtrich's, in 
Ihe left auricle lluw are also fewer than in the i‘iglil : but even 
more suggestive is tlu* fact that, whih* some ojicnings in tlu' 
right auricle are siipj)li(‘d with valves, noiu' have been found 
in those of the l(‘ft. Again, lioth venti*iel(*s arc' supplied with 
foramina: tlie right ventricle is partic'ularly well jirovided with 
ihc'm, while they are dillicult to line! in the' left oiu'. 1diat the 
sejital wall sliould ‘^how them most ('h'arly on llu' right side is 
also suggestive. Kvidc'iitly a similar condition exists between 
the auricles, as suggc'sted by Boc'hdalek and confirmed by 
IVratt : hut the fac't that limited information su|ipli(‘d by works 
on anatomy usually covers only those* of tiui I’ight aurit'Icj 
points to givater jirominc'Ucc* of the' latter. 'Tlius, (Jray"^ 
slates that tiu' vena* ^rtu'besii ojien '‘on the* inner surface of 
the right auricle.'’’ Finally, the oiumings supplied witli vahxs 
are in the right auricle, as xve have sotm ; but tlaw are also 
stated to be most conspicuous in the neighliorhood of IJio 
great vessels; hence it must only be the 1'hebi'sian oj)enings 
around the great vessels of the right auricle — the veme eavuj 
and the pulmonary artery — that an* pirovidc'd with valves. 

If we can now ascertain whether the? curicnt which enters 
the Thebesian vessels from the right auricle is shut frul in this 
location, or securt*d within the channels, according to the man- 
ner in which the valves close, — /.c., inwanlly or outwardly, — 
we will be able to decide whether venous blood from the venic 


Gray: “Anatomy;” edition, 1901, p. C22. 
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eaviu or arterial blood from the lungs circulates in the Thel)e- 
siaii system. 

Bochdalek found that many of these openings in the 
auricles ^^presented the appearance of blind depressions, since 
they were often covered with single valves in such a way as 
to resist investigation with the blow-pipe’’ . . . ^^some 
were slit-like, resembling the mouths of the ureters; still 
others were large, round depressions, with smaller openings at 
tlie bottom.” The first remark suggests that the openings 
serve as exits into tlie auricle, while the second points to the 
contrary, since it is difficult to conceive of a depression with 
“openings at the bottom” as a valve calculated to resist liquids 
exerting pressure on the concave side. From the left auricle 
Gad caused water to pass out of the right and left ventricular 
walls, but, as the auricular openings have no valves, this only 
serves to emphasize the extensive canalization which the 
Thebesian system represents. The system might, therefore, 
be considered as essentially calculated to distribute venous 
blood from the right auricle to the entire heart: a fact which 
the free anastomosis with the venous clianncls would seem to 
sustain. 

Pratt states that he has seen “structures accessory to 
tliese venirirular foramina which might in any way serve the 
office of valves” . . . “the edge of the foramen is usually 

sharply defined and may frequently exist as a partial, shelf- 
like, covering, giving the impression perhaps of an attempt at 
a membranous valve; but it is seldom more than this.” A 
shelf means a projection, and the fact that it is membranous 
suggests that during ventricular contraction this valve is pressed 
against the opening and closes it: a feature which involves 
the possibility that during diastole a current — ^whether venous 
or arterial — flows into the ventricle through its foramina. 
That the latter and their valves open inwardly — Le,, in the 
ventricle — is demonstrated by Pratt’s experiment, in which he 
injected the coronary veins with starch and celloidin and found 
that even these passed into the ventricle. If, therefore, the 
venous blood of the right heart at all enters the muscular 
iralls it is not through the foramina of the ventricle, i.e,, from 
below; it must be through the openings above, i.c... those in 
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the right auricle. The experiment in which the cannula was 
tied in the pulmonary artery, the blood being ^‘allowed to 
enter tlio right auricle through insutliciency ol‘ the tricuspid," 
appears to us to furtlier sustain this fact. The heart continued 
^^its rhythmic contractions for eight hours: a period consid- 
erably in excess of that observed in nutrition through the 
vessels of Thebesius alone. It was inferred that blood had 
gained access from the auricle to the coronary veins and had 
thus aided materially in the nutrition.'’ W'liile this course 
may have been taken by some of the blood in the experiment, 
it is obviously not a normal one during life, and the unusual 
duration of the contractions seems to us to indicate tliat the 
blood tliat penetrated into the rigid auricle found its way into 
the Thebesian system via the openings in this auricle, thus 
approximating as nearly as possible normal conditions. 

The relations between the coronary v(‘ins and the 1’he])e- 
sian chanrnds are self-evident, except ing, how(‘ver, a theoretical 
back-flow from the auricles into the veins suggested by Pratt, 
which appears to. us abnormal ; at least it is not conipatil)le 
with our views of the process. The Thebesian vessels and 
coronary veins were found to communicate' freely on the right 
side, but not on the left, with the ventricular foramina. Tin* 
septal foramina were also found to communicate with the 
coronary vein at the end of the sinus. An interesting feature 
is the fact that blood passed into the right ventricle flowed 
freely from a cut vein of the left heart (ex])eri.mont of April d, 
1897). On the other hand, the relations between the coronary 
arteries and the Thebesian vessels are of a jx'culiar kind; thus 
the co-rnmunication between the left coronary artery and tin* 
right ventricle seems as free as that between the sajiie artery 
and the left ventricle (through the Thebesian channel) is lim- 
ited. The experiment in which a colored solution was passf'd 
into the left coronary artery caused an accumulation of 400 
cubic centimeters to flow from the right ventri(;le, while only 
4 cubic centimeters flowed from the left, sufficiently (‘m])ha- 
sizes this fact. Haller, who had observed that injected sub- 
stances flowed out freely from the surfaces of Ijoth ventricles, 
states that ^The passage from the arteries into the cavities of 
the left side is more difficult.'^ 
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All these features seem fully to supply the needs of the 
function witli wliich the secretion of the suprarenal glands 
must be connected, if the phenomena witnessed in many dis- 
orders and alter the use of most remedies have been correctly 
interpreted. That we are in the presence of a dual process 
of wliich the sujirarenal secretion, operating in the right lieart, 
and the arterialized Idood in the left lieart are active factors 
seems probable. Again, the marked ]>ower of arterial blood 
— or rather of jdasma — since the defibrinatcKl blood filtered 
through cotton was used — to sustain functional activity, even 
when only poured into the ventricles, as shown by Pratt, cer- 
tainly indicates that tlie blood must alone be able, during 
life, to compensate, in case of need, for insufliciency of blood 
furnished Ijy tlie coronary arteries. 

The contractions of the h*fl heart seem to me to be greatly 
assisted liy the arterial blood that entru’s it, and mainly by 
tliat which enters the cavities themselves. The experiments 
of Pratt liaving shown tliat contraction could bo produced by 
contact with arterialized blood, the arrival into the auricle of 
a normal quantity of this lliiid must be fully capable^ there- 
fore, of causing contraction of the walls of that cavity. The 
relations of th(‘ several structures and the .mechanism involved 
are in all jirobability as follows : The main structures upon which 
the arterial Idood reacts are (1) the musculi pectinati and (2) 
the sinus venosus and a])peudix auricuhe, all of which are so 
dis]iosed as to offer as much surface as possible to the blood. 
The walls of the cavities mentioned are ])rovided with numer- 
ous clianmds, the 41iebesian ‘Smins,'^ to satisfy this purpose. 
41ie l)lood which enters the auricle when it is dilated pene- 
trates all the circuitous areas around the musculi pectinati and 
into the 'riiebesiau vessels, and the ensuing contraction forces 
the blood-plasma into the smaller subdivisions of these vessels, 
from which they find their way into the auricular veins. When 
the arterial blood reaches the ventrirJe, a proccvss similar to the 
preceding occurs. The columnar carnea^ are disposed so as to 
offer considerable surface to the blood, while the ventricular 
walls are’ permeated with Thebesian channels, into which the 
blood penetrates during diastole. The contraction itnduced 
closes the a])ertures of these channels, and forces the blood- 
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plasma into their smaller ramifications and finally into the 
veins. The larger chamieLs carry the corpiisenlar elements to 
ilie latter. The role of tlie coronary arteries will be'^’eferred 
to later on. 

The riglit heart, as I view the process, owes its functional 
activity mainly to the suprarenal secretion brought to the 
cavities by the vena cava. 1 have sulliciently emphasizi'd 
the i)ower of this agent to restore cardiac action and sustain 
it even when the entire spinal cord has been obliterated. The 
manner in which it e.vercises its powers is similar to that of 
the arterial blood on tlie left side. On penetrating tlie aurich* 
the contractile structures are submifted to Its immediate ef- 
Teets; but the orifices of* the Thebesian vessels or chaniu^ls an* 
more mnncrous and larger than in the left auri('le. 4die mem- 
branous edges previously referred to as valves by the invc‘sti- 
gators (|Uoted do not appear U> me (o mei'lt hi'ing c()iisider<‘d 
as such after careful examination of these structures in the 
ox-heart. The aperture being cloS(‘d by the least scpu'ezlng of 
the tissues containing them, it s(a*ms evidiuit that they should 
as readily close under the powerful coiiti'action of the auric- 
ular tissues. The right ventricle also ])res(‘nts a very .much 
larger number of Thebesian orifices than the lid't, while its 
walls, though tliinner, |)lainly show the ramifications of these 
channels. That the venous blood ehargi'd with suj>rarenal se- 
cndion should at once penetrate the latter wlien the ventricle 
l)egins to contract is self-evident. Iteturn of the blood to the 
circulation is effected in the same way as in the case of the 
left heart: i,e,, through the coronary veins. 

The whole process is an exceeding!}" uncomplicated one, 
l)ut, as we shall see later on, it simpli^i(^< many obscure prob- 
lems, while affording, in connection with the coronary arterial 
blood, a supply in keeping with the vital importance* of thr^ 
organ itself. Again, Dr. Pratt’s experiment, in which blood 
injected into the left auricle flowed freely from the right ven- 
tricle, emphasized the possibility of compensation in case of 
need. Thus, while under normal conditions, the pressure in 
both ventricles must be equal, reduced contraction — of the 
right ventricle, for example — through insufficiency of tlie ad- 
renals would automatically cause the arrival into it, througli 
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the Thebesian foramina of the septum, of at least some arterial 
blood. That this does not always suffice to maintain inter- 
ventricular equilibrium, however, is illustrated by the dicrotic 
pulse, the pulsus paradoxus, and kindred phenomena. 

Suggestive in this connection are the remarks of Professor 
Porter in his review of the subject of cardiac innervation in 
the “American Text-book of Physiology'^*^ : “A positive dem- 
onstration that the nerve-ceils in the heart are not essential 
to its contractions,” says this observer, “is secured by remov- 
ing the tip of the ventricle of the dog’s heart and supplying 
it with warm defibriuated blood through a cannula tied into 
its nutrient artery. Long-continued, rhythniical, spontaneous 
contractions are thus obtained (Porter^®). As the part removed 
contains no nerve-cells, the observed contractions can only 
arise in tlie muscular tissue, provided we make the (at present) 
safe assumption that tlie nerve-fibers do not originate im- 
pulses capable of inducing rhythmic muscular contractions.” 
In other words, — and this may be said to apply to all muscular 
elements including those of the muscular coats of the stomach 
and intestines, — the cardiac muscle is endowed with the in- 
herent power to contract, even small detached pieces, when 
placed in appropriate media being capable of doing so. In the 
body, indeed, this contractile power is merely, so to say, kept 
active, and Porter remarks — almost prophetically in the light 
of our views: “The demonstration that the nerve-cells are not 
essential to contraction places us one step nearer the true cause 
of contraction. It is some agency acting on the contractile sub- 
stance.^^ Evidence is accumulating that this agent is a chem- 
ical substance, or substances, brought to the contractile matter 
by the blood.'' 

That tlie “chemical substance brought to the contractile 
matter by the blood” is represented by the adrenal secretion 
and the oxidizing substance seems clear. Brown-S6quard over 
fifty years ago urged that the inferior vena cava contained 
some undetermined substance which contributed to the heart’s 
dynamism. 


® Porter I "'American Text-book of Physiology/’ second edition, 1900. 

Porter: Journal of Experimental Medicine, vol. 11, p. 391, 1897. 

“ All italics are our own. 
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THE ACTION OP THE ADRENAL SECRETION AND THE OXIDIZING 
SUBSTANCE Ui^ON THE CARDIAC MUSCLE. 

The histology of the myocardium still offers a broad field 
for conjecture, notwitlistanding the many investigations to 
which it has been submitted by modern observers. The known 
facts are briefly these: Its tissue is composed, in man, of 
short, round fasciculi, or bundles, of striated libers, possessed 
of thick lateral projections. The latter directly connecting 
with a similar projection of the adjoining bundles' and being 
cemented to it, a tliick close-meshed net-work is formed : a 
characteristic of the heart-muscle. But it differs from other 
muscles in several otlier particulars; its fibers are one-third 
smaller and their stride are much more faint; they j)ossess no 
sarcolemma and arc, therefore, exposed to the immediate action 
of any fluid that may surround them. The manner in which 
the contractile structures are combined in bundles is also 
peculiar: each bundle is made up of central prismatic fasciculi 
of round fibers, in winch nuclei (oiie or two) with their sur- 
rounding protoplasmic area are imbedded, the whole Ixdng 
surrounded with flat or ribbon-like columns of muscle-fibers. 
The perinuclear protoplasm referred to generally contains fat- 
droplets and minute pigment-granules which resemble Inemo- 
globin, and sends projections between the surrounding mus- 
cular fibers so that each of the latter is connected with and 
is only separated from its neighbor by a layer of j)rotoplasm. 
This arrangement does not in any way modify the manner in 
which the sarcous elements are disposed, while the disks, clear 
spaces, etc., are precisely as they are elsewhere in the organ- 
ism. These muscular ^‘primary” bundles form, by their union 
with one or two of their neighbors, columns, or chains — or 
“‘secondary^^ bundles, which are covered, as shown by Ranvier, 
with a sheath of loose connective-tissue cells, which cells, in 
turn, connect with one another by numerous projections, or 
extensions. The primary fasciculi also contain connective- 
tissue sheaths which invest the muscle-fibers and are likewise 
supplied with connective-tissue cells. All this forms a close, 
though permeable, net-work, which makes it possible for a 
liquid to penetrate the muscular columns or chains and come 
into direct contact wdth the bare, or exposed, muscle-fiber. 
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Indeed, the intimate structure of the myocardium pre- 
cisely supplies the required structure for tlie equable and free 
distribution of sucli an agency as the suprarenal secretion rep- 
resents. Fluids can penetrate through the maze of cellular 
tissue to the bare muscular fibers; the sheaths that include 
the columns or chains of muscular bundles afiord a peculiar 
system of canalization through which the liquids can easily 
gain access to them. These canals — the lacuna} of llenle — 
are the intervals between the columns of secondary bundles, or 
theii- sheath.^, rather, which are placed in longitudinal apposi- 
tion. Schweigger-Seidel and Kanvier having observed that 
interstitial injections of colored sulistaiu'cs penetrated the 
iym])liatic vessels, the lacume have been considered as adjuncts, 
or extensions, of the latter. 

llenaut,^- however, concluded that the penetration of the 
(‘olored fluids into the lymphatics merely demonstrated the 
weak resistance of the endothelial coat of the latter, and the 
spaces, or lacunas of Henle being unprovided with endothelial 
walls, there was no ground for the ])revailing belief that they 
represented lymphatic vessels. He found that all the lym- 
phatic caj)i]laries of the myocardium are located on the surface 
of the heart underneath the j)ericardiu,m. 4diey are large and 
b(}sselated and form a mesh-work Avhich covers the wliole car- 
diac surface, and send smaller blind pouches into the muscular 
interstices. The sj)aces of TTenle should be considered, he 
thiidvs, ‘‘not as true lymphatic cavities analogous to those ob- 
served around the pulmonary lobules of certain animals, but 
i\ii mere conneedive-tissue spaces, which rei)rescnt, in fact, 
]>athways for lymj)h.’’ In a foot-note Berdal states that the 
spa(*es of Henle are crossed by ‘S'essels,’^ and in the text the 
following remark as to the identity of this lymph appears: 
“4'he muscular fibers of the heart are thus bathed in con- 
neetive-tissue spaces in which lymph easily circulates; but 
this lymph is not that of the lympliatic vessels or capillaries, 
hut that of loose conneetive-tissue spaces (llenaut).” It is 
needless to state that this suggests the presence of blood- 
plasma. Still, we can only consider tliis deduction as tentative. 


Renaut: Trait4 d’Histologle pratique, p. 719; quoted by Berdal, loc. clt., 
p. S25. 
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The manner in which the blood-plasma, whether venous 
or arterial, is distributed by the Thebesian channels is well 
shown in a study of tlie vessels of the heart by Artliur Y. 
Meigs.^'* The extrenu^ paucity of literature on the Thebesian 
channels has caused them to be overlooked by practically all 
histologists; that they should be treated as capillaries in tiie 
author’s paper is, therefore, as Jiormal as it is for text-books 
to do so. ‘‘The capillaries of the human heart,’' says Dr. 
Meigs, ‘‘dilTer U\ two ways from thos(‘ of oilun* j)arts of tin* 
body: they pejietrate the jnuscular libers, and some of them 
are larger than those found elscnvhere, and of diiferent ar- 
rangement. . . . The accompanying illusi rations are draw- 

ings whi('h M*(‘re imule with the camera lueida. M^hev are from 
sections of two human lu'arts. '^I’he lirst is from the heart of 
a n(‘gro woman, 10 y(‘ars old, who di(Ml of burns. Some ])ie(‘(*s 
of the organ W(*re ])r(\serv(*d in Fleming’s solution, and otlnu’s 
in 70-per-cent, alcohol, and tlu‘y w(‘re st aim'd in bulk with 
borax-carmine and imbedded in paraflin. n’lu' s(‘cond heart is 
that of a man, 30 years old, who died of h'ad (‘nc(‘])halo])athv. 
When the |)ost -mortem examination was made, the heart being 
still ({uite fresh, there was inj(*ct(‘d through eacdi of the two 
coronary arteries as nuudi as the* blood-vessels would easily 
receive of a solution of 3 gramnn'S of Ib'rlin 1)1 ue (firiibler’s) 
in ()00 cubic centimeters of water. Pieces of the organ of 
suitable size were at once placed in j)res(‘rvat ive fluid, some in 
70-per-cent, alcohol, and othcu*s in formahbdiyde solution. The 
tissue Avas afterward stained in bulk with borax-carmine and 
imbedded in parafTin. 

^^The penetration of the muscular fibers by the capillaries 
is made perfectly clear by the illustrations; it is shown as well 
by the injected as by the uninjected lu'art. 3’h(* two methods 
of demonstration supplement one another, because, in injected 
tissue Avhich has been stained, the blood-vessels and their situa- 
tion are made very obvious bv the contrast of color, but the 
details of the stmeture of the walls are obscured by the injec- 
tion material, while, on the other hand, in the un injected tissue, 
the structure of the blood-vessels can be seen with the utmost 
distinctness. In Figs. 1 to 4 the capillaries are easily recog- 

** Arthur V. Meigs: Journal of Anatomy and Physiology, Jan., 1899, 

28 



436 


THE DYNAMICS OF CARDIAC ACTION. 


nized. Their situations in relation to the muscular fibers are 
very varied. Some are in the intermuscular fibers, others 
slightly indent the sides of the fibers; still others arc within 
the fibers close to their peripheries, and sometimes the capil- 
laries are in the very centers of the fibers. This penetration of 
the muscular fibers of the human heart in the adult is a most 

DESCRTITION OF DB. MEIGS ’s PLATE. 

The amplification has been reduced about one-third in the reproduc- 
tion herein presented. 

“Pig. 1.— X 420. From a man, 30 years old, who died of lead encephalop- 
athy. A section of papillary muscle of the heart cut across the fibers, bb are 
injected capillaries, the one partially and the other entirely within the muscular 
fibers, e, A capillary which remains uninJected; its nucleus is included. 

“Fig. 2.— X 420. From the same tissue as Fig. 1. r, A vein stained by 

the injection material, bb, Capillaries whose precise situation cannot be defined. 
They cannot be said to be intermuscular spaces, nor to be entirely within fibers. 
The effect is as if the fibers were coalescing. 

“Pig. 3.— X 420. From the same tissue as Fig. 1. f. A capillary in a 

fiber, g, A capillary In the center of a very small fiber. This is perhaps the 

most convincing instance of the penetration of a muscular fiber by a capillary. 

“Pig. 4. — X 420. A section of heart cut transversely to the muscular fibers, 
from a negro woman, 40 years old, who died of burns. The muscular fibers are 
of irregular shape, d, A capillary within a muscular fiber, its nucleus upon one 
side producing a resemblance to a seal ring, e, A capillary within a muscular 
fiber, f, A capillary in an intermuscular space; its nucleus being included, it 
resembles a seal ring, g, A capillary in an intermuscular space; Its endothelial 
wall appears as a simple circle. 

“Fig. 5.— X 115. From the same tissue as Fig. 4. A large capillary, 

receiving many branches and surrounded by muscular tissue. The capillary and 
its branches are almost filled with blood-corpuscles. The capillary walls are dis- 
tinctly visible, containing many flattened endothelial nuclei. 

“Pig. 6.— X 42. From the same tissue as Fig. 1. Not printed In two 
colors, because the essentials show equally well in black, m. Muscular tissue. 
a, An arteriole; the solid black within its caliber is injection material, v. The 
accompanying vein to the arteriole, a; it also contained a little of the injection 
material; these two vessels are in a connective-tissue interspace, c, A large 
capillary; It contains a good deal of the blue Injection material, which Is rep- 
resented by the heavily-shaded portions. These three vessels — arteriole, vein, 
and capillary— give a good idea of the character of such vessels In the heart. 
The great size of the capillary is the most striking feature.” 


striking and curious phenomenon, and it does not exist at an 
early embryological stage. The condition is, therefore, one of 
later development, but it is not yet known at how early an age 

it does exist 

“Very large capillaries are found in the human heart, and 
such vessels are shown by Figs. 6 and 6. It is not common to 
find minute veins in company with the arterioles in the deepest 
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portions of the muscular substance of the heart, although it is 
well known that, upon the surface and in the connective-tissue 
interstices, arteries are found with their vena) comites, just as 
they are in oUier organs and tissues. The arrangement of the 
vessels upon the surface and in the interstices is in marked 
contrast with that found in the muscular substance proper. 
Here, when an arteriole is accompanied by an efferent vessel, 
this vessel is single coated and composed of endotlielium, being 
exactly like the smallest capillaries, except in size. These pecul- 
iar large capillaries are found not only in comj)any with arteri- 
oles, and, therefore, when carrying on tlie function usually 
performed by veins, but also alone. When they ai*e alone, it 
is impossible to be certain whether their function was afferent 
or efferent. It may well be that arterioles are less numerous 
in the heart than in other tissues, and that their place is taken 
by the large capillaries. These capillaries are so numerous and 
of such size that it seems likely they perform the function of 
reservoirs. The presence of the large capillaries and the pene- 
tration of the .muscular fibers by the capillaries indicate a pro- 
vision for the blood-supply of the heart even more bountiful 
than that of the other organs.^^ 

That these vessels are the Thebesian channels is evident; 
their mode of distribution and .the peculiar endings of their 
subdivisions is particularly well shown in Fig. (>, while the 
outpouring of plasma for absor})tion by the muscle-elements is 
suggested by Fig. 5, 

The fact that the distribution of the Thcl)esian channels 
is analogous to that observed in the heart of tlu^ frog has, we 
have seen, been noted by Pratt. This had also been noticed 
by Lannelongue, but this author considered the channels of the 
human myocardium as vestiges of the batrachian system. Ber- 
dal, who alludes to the latter, states that in the frog and in the 
batrachian urodela there are no ordinary blood-vessels. ^The 
muscular fasciculi intercept cavernous spaces into which the blood 
penetrates directly and from which they are onh’^ separated 
by endothelium. The frog*s heart is thus a true sponge the stru4> 
inres of which, formed of muscular fibers, nourish themselves 
by imbMtion. In mammals, on the contrary, the myocardium 
contains distinct vessels. The capillaries form a net-work the 
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meshes of wliich, elongated and parallel to tlie muscular fascic- 
uli, are connected by short branches, which give each mesh the 
appearance of a parallelogram. When these vessels cross the 
spaces of llenlc, they are covered, on the external surface, with 
flat connective-tissue plates/^ Pratt’s observation not only in- 
cludes the analogy between the human lung and that of the 
frog, but also with that of the cat, a mammal. Under these 
conditions, it becomes clear that in man, also, the heart-nimde 
may he reyarded as a sponyc-lihe strueturc, the contractile ele- 
ments of which are nourished and supplied with ivorkiny eneryy 
hy substances in the blood-plasma. 

What is the role of the blood of the coronary arteries in 
the functions of the heart? This may perhaps be traced by 
analyzing tlie effects of ligation of those arteries upon these 
functions. Porter’^ refers as follows to the experimental work 
in this connection: ^‘The frequency of arrest after ligation is 
in proportion to the size of the artery ligated, and hence to the 
size of the area made amemic, and is not in proportion to the 
injury done in tlie pn'paration of the tirtery. The circumflex 
and descendens may be prepared without injuring a single mus- 
cle-fll)er, yet their ligation frequently arrests the heart, while 
tlie ligation of the art(‘ria s{?pti, which cannot be prepared with- 
out injuring the muscle-substance, does not arrest the heart. 
It is, moreover, possible to close a coronary artery without me- 
chanical injury. Lycopodium -spores mixed with defibrinated 
blood are injected into the arch of the aorta during the mo- 
mentary closure* of that vessel and are carried into the coronary 
arteries: the only way left open for the blood. The lycopodium- 
spores plug up the finer branches of the coronary vessels. The 
coronary arteries are thus closed without the operator having 
touched the heart. Prompt arrest, with tumultuous fibrillary 
contraction, follows.” 

If the plasma that reaches the heart by way of the Thebe- 
sian channels can sustain both its nutidtion and its contractions, 
how can such results as these be accounted for? The sudden 
arrest of the heart’s action by plugging the coronary arteries 
certainly points to a predominating function, and, more than 
this, to a function of wdiich they are alone the sources of blood- 


** Porter: Loc. oit. 
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supply. That the role of tlic coronary blood is precisely that 
which obtains elsewhere in the orj^anism is forcibly suggested 
by the experiments of Langendortf, who was able, aecoi’ding to 
Porter, ^‘by circulating warmed oxytjiniated defihriunUd blood 
through the coronary vessels, to maintain the hearts of rabbits, 
cats, and dogs in activity after their total extirpation from the 
body.” Tt is clear that the blood-plasma can incite functional 
.activity when introduced through the coronaries as well as when 
introduced into tlic ventricles. ^‘Kven jiieces removed from the 
ventricle will contract for hours,” continues tin? author, “if fed 
with blood through a cannula in the branch of the coronary 
artery which sujiplies them ( Porttu-^*"’) . It is (widtmt, therefore, 
that the cause of the rhythmic beat of the heart lies within the 
hvarl itsf/f, and not within the central nervous system.” 

The iialici/(*(l words represent ])ri*cisely tlu' facdor of the 
problem which must he eliminated to enahle us to dillerentiate 
the role of the (X)ronary plasma from that of the Idiebi'sian 
})lasma, for hlood will not alone induce coniraction of the car- 
diac walls; almost any irritant will uml(‘r a|)i)ro|)riate condi- 
tions. Indeed, in the latter case it will sometimes undergo con- 
tractions without any external irritation; thus, ^^a strip of 
muscle cut from the a/wx of the tortoise V(‘nlricl(* and sus])ended 
in a moist chamber l)(*gins in a few hours to beat aj)|)arontly 
of its ovm accord with a regular, ])ut slow, rhythm, which has 
been seen to continue as long as thirty hours. If the stri)) is 
cut into pieces and phu'cd on moistentMl glass slides, each piece 
will contract rhythmically. Yet in the apex of the heart no 
nerve-('clls have been found” (l\)rter). Hence the power to 
contract is inherent in the contractile tissues, and subject, as 
elsewhere in the organism, to exacerbations of activity undew 
appropriate stimulus. This fact being now estal)lished, our in- 
<|uiry is simplified, since we need only to impiire into the nature 
of the processes through which it is utilized. 

Analysis of the requirements of the riglit heart soon re- 
veals the fact that the muscle-fibers require the same blood- 
supply that any muscle of the body does. Indeed, we then 
realize that the coronary arteries are their only source of oxy- 

« Porter; Journal of Experimental Medicine, vol. il, p. 391. 1897. 
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gen. The venous blood that reaches it through tlie Thebesian 
channels has been depleted of this gas by the rest of the or- 
ganism, and the suprarenal secretion, owing to its marked avid- 
ity for it, must, while in transit through the inferior vena 
cava, have deprived it of the little that might have remained 
ill loose combination. Wc have reviewed the ultimate distribu- 
tion of tlie coronary arteries as given by Berdal. It does not 
differ from that of other text-books. These generally concur, 
in stating that tl\e larger branches are distributed to the con- 
nective tissue between the large fasciculi, and once therein 
divide into arterioles, whicli, in turn, subdivide into capillaries 
that entwine the primary muscle-fasciculi. ^‘^The capillaries 
of the myocardium are very numerous,^’ say Bbhrri and von 
Davidolf, ^‘and so closely placed around the muscle-bundles that 
ea(*h muscular fiber comes in contact with one or .more capil- 
laries.^’ Do they serve here, as elsewhere, to supply the muscle- 
fiber with its fiource of energy — i.e., the carbohydrates that enter 
into the formation of the myosinogen — besides furnisldng the 
oxidizing substance which sustains the combustion processes 
when brought into contact with this- myosinogen ? This is pre- 
cisely wliere a difference between the muscular functions of the 
heart and those of other muscular structures appears to us to 
exist. 

There is practically no passire period in the heart’s action 
when we consider that its stage of acliiHty recurs every three- 
fourilis of a sound ; and the formation of myosinogen in its 
contractile elejiicnts, were it to proceed as slowly as it does else- 
where, would seem totally inadequate. Still, if the coronary 
blood is not endowed with the mission of supplying the heart- 
muscle with its source of energy, we are relegated to the venous 
blood of tlie Thebesian vessels and its suprarenal secretion for 
the myosinogen-forming products. A possible source of en- 
ergy suggests itself when we consider that a carbohydrate 
known to react under the effects of the oxidizing substance is 
present in the hepatic veins, — ie., dextrose, — and that this 
sugar must pass through the right heart. As is well known, 
these veins carry their sugar to tlie inferior vena cava. That 
it is not used by the heart, however, was shown by a careful 
analysis of the whole question. This is submitted in the twelfth 
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chapter. For reasons submitted in the second volume I was 
led to conclude that the minute granules referred to on page 433 
were actually supplied to the heart through the intermediary 
of leucocytes. These cells were found to migrate from the liver 
(also through the hepatic veins) to the inferior vena cava, where 
they meet the adrenal secretion and proceed with it to the 
right ventricle. I'he evidence seems incontrovertible. The 
subject is so far-reaching, however, that it had to be consid- 
ered separately. J shall, for the present only, refer to these 
granulations as “granules (Fhrlich). We now have, it seems 
to me, the elements necessary to account for the functional phe- 
nomena witnessed, namely: — 

1, The adrenal secretion, to contract the rujht auricle and 
ventricle and thus insure the penetration of the Thebesian blood 
into the cardiac walls (which contraction venous blood or its 
contained granules ^ would not cause). 

2, The granules to account for the unusual and con- 
tinuous production of energy which the heart converts into work. 

2. A continuous supply of oxidizing subslance via the coro- 
nary arteries to insure the combustion processes through which 
this energy is liberated. 

The annexed colored plate shows the manner in which the 
adrenal secretion and the granules ^ simultaneously reach the 
right auricle. 

We can now understand why plugging of the coronary 
arteries should, as stated by Porter, arrest cardiac action, de- 
ferring to the eflVcts of embolism and thrombosis of these 
arteries, this investigator also says: “That ])art of the heart- 
wall supplied by the stopped artery speedily dticays. The 
bloodless area is of a dull-white color, often faintly tinged with 
yellow; rarely it is red, being stained by haemoglobin from tlie 
neighboring capillaries. The cross-section is coarsely granular. 
The nuclei of the muscle-cells have lost their power of staining. 
The muscle-cells are dead, and connective tissue soon rei)lace8 
them. This loss of function and rapid decay of cardiac tissue 
would not take place did anastomosis permit the establishment 
of collateral circulation between the artery going to the part 
and neighboring arteries. . . . The objection that one of 
the coronary arteries can be injected from another, and that. 



442 


THE DYNAMICS OF CARDIAC ACTION. 


therefore, they are not terminal, is based on the incorrect 
premise tliat terminal arteries cannot be thus injected, and 
lias no weight against tlie positive evidence of the complete 
failure of nutrition following closure/^ As 1 interpret the 
process, tlie absence of anastomosis further suggests the exist- 
ence of an additional source of energy; but the cardiac arrest 
after ligation of the coronary also indicates that compensation 
from the o])j)osite heart can only be gradually established. On 
the whole, tlie coronaries of the right side are as important 
as if they alone su])j)lied the needs of the functions of that 
side. 'Jdie granules and the adrenal secretion are fundshed to 
compensate for the absence of arlrrial blood in the riglit auric- 
uIo-ventri(*ular caviti(‘s and in their ^J'liebosian charnels; but, 
the riglit coronaries being the only source of one of the three 
‘itrrri<s(irjj factors of the process, their obliteration means as 
mucli.as that of the left ('oronaries does to the left heart. 

We can also understand why the contractile elements of 
the primary fasciculi i are bare. They are constantly batlied 
in the plasma from which they obtain the granules /3 that 
enter into the formation of their myosinogen. The absence 
of oxygen in this fluid renders it })erfc‘ctly harmless to the 
delicate structures that surround the primary and secondary 
bundles of muscle-liber, and to the net-works of arterial capil- 
laries that hug the bare tibers. ^Flie latter, by a rajud absor])- 
tion, — wdiich the presemeo of sarcolem.ma would counteract, — - 
are constantly forming their ju-oducts of metabolism: i.e,, 
myosinogen. The arterial capillaries, ^^coated, on their exter- 
nal surface, with flat connective-tissue cells^' (Herdal), when 
they ci’oss the spaces of Heule, being the only carriers of oxy- 
gim, normally become the active factors of nutrition and func- 
tion. • Their blood is tlie normal excitant — as elsewhere. The 
venous bl(X)d brings the granules ^ ; the adrenal secretions, by 
contracting the cardiac walls, forces it into the l^liebesian chan- 
nels; the bare muscle-fibers absorb the granules and convert 
them into their ow’n particular kind of fuel, myosinogen; the 
capillary blood supplies the energy for this metabolism — oxy- 
gen — and simultaneously sustains, again wdtli its oxygen, the 
combustion ])ro(‘esses upon wdiich the continuous work of the 
organ depends. Here, as elsewhere, the potential energy of 
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the chemical agencies ])reserit becomes c'onverted into meclian- 
ical energy, wliich manifests itself as visible motion. 

Tlie left heart — the coronaries of which are larger tlian 
those of tile right — presents anatomical features which modify, 
in a measure, the manner in which its physiological functions 
are perfornu'd. Uoth its auricle and ventricle containing arte- 
rial blood fresh from the heart, the Thebesian cinadation does 
not apjiear to fullill the jvrimary rfdo it do(‘s in the right heart. 
Judeed, th(‘ various experiments of Pratt and his predecessors 
and my own careful examination of the ox-licart distinctly 
show that the Thebesian (urculation of the left heart, as regards 
intraventricular orifices, is mu(*b less im|)oriaut than that of 
the right heart. KStill, the cvidcait jiermeabilitv of the inter- 
ventri('ular sej)liim ami (he iiistology of the I(‘ft myocardium 
suggest that the left heart must receive .material aid from the 
adrenal seereiion and its granules [i, dliis fi'ature will again 
be referred to in the twelflh (diapter. 

A feature that may be considered as demonstrated, and 
common to both sides, is ihe ndurn of the lilood, whether its 
souri'C be the ddu'besian or coronary systems, by way of the 
coronary veins. AVe have seen that hanger exprc^ssed the opin- 
ion “that the foramina Tlu»besii in the ventrieh's eommunicato 
with the veins liy capillaries alone.’' My conception of the 
process involved would neei'ssitate su(*h an arrangement as re- 
gards the right lu'art. Indeed, so din’<*t is this coniKH'tion that 
even such viscid substances as starch and celloidin were found 
by Pratt, when in(rodu(*ed into the coronary veins of the ox, 
to emerge from the foramina Thebesii. Still, we (!Ould hardly 
ex])eet such a free transit on the left side of the organ, inas- 
mneh as the pres(‘nee h(*re of arterial blood only wonld suggest 
the pr(*seneo of a structural orgauization similar to that of ordi- 
nary mnseles. Indeed, referring to the vascular eonn<?ctions 
of the left heart, Pratt says: intimate a connection, how- 

ever, between the eoronary veins and tlic vessels (Altering the 
left ventricle 1 have not yet been able to demonstrate*.^^ Again, 
on the right side the connection with coronary veins must evi- 
dently be a physiological one, since small, hut steady, stream 
of venous blood issued from theni’^ when the veins W( 3 re ineised 
after the right ventricle had been filled witli defibrinated blood. 
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But flow of blood occurred from the artery, although there 
was a free escape from an incision in an accompanying vein’^ in 
an experiment similar to that previously referred to, also per- 
formed by Dr. Pratt. In fact, it appears to me very doubtful 
whether even the capillary communication between coronary 
arteries and the Thebesian vessels, referred to by the latter 
observer in his conclusions, at all exists — at least in the walls 
of the right heart. Even disregarding my views, it seems evi- 
dent that the admixture of venous blood with the arterial blood 
would greatly reduce and perhaps annul the functional efficacy 
of the latter as an oxidizing agent. 

We can now understand how the adrenal secretion so 
greatly influences cardiac activity. An increase of it augments 
the force of the contraction, but the heart does not dilate as 
promptly nor perhaps as completely; hence its action is slower, 
but more forcible; we liave seen that this represents the primary 
effect of all drugs sufficiently active to stimulate the adrenals. 
A still greater quantity of adrenal secretion increases the vio- 
lence of cardiac action; the vessels are tense, and ecchymoscs, 
haunaturia, epistaxis, etc., may ensue. The heart acts normally, 
however, in the sense that its diastole is almost complete. Con- 
tinuous cardiac stimulation through excessive production of 
adrenal secretion, due in turn to excessive production of iodo- 
thyrin, as in exophthalmic goiter, causes the heart to contract 
before it has exhausted its complete diastole and to work 
within a narrower field. Its contractions arc sharp, but rapid: 
the type of the ^^cramped heart.” Increase of adrenal activity 
involves increase of oxidizing substance; hence the left lieart 
is correspondingly stimulated. When, however, adrenal insuffi- 
ciency occurs, the phenomena follow an opposite course; when 
total inhibition of the adrenal system ensues, the vascular walls, 
losing all their functional stimuli, — the adrenal secretion, the 
granules ^3, and the oxidizing substance, — ^gradually cease their 
contractioiis and lapse into diastole. 

THE INNERVATION OF THE HEART. 

We are again brought, by analysis, to the realization that 
the efferent nerves distributed to the heart incite and govern 
functional activity but contribute nothing to the continuation 
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of vital processes per se, Indeed^ in the heart they do naught 
else than in other parts of the organism. One set of nerves 
distributed to the cardiac arteries provokes dilation to increase 
cardiac activity; another set causes constriction of these vessels 
when cardiac activity is to be reduced. “The rich nervous supply 
of the heart is derived from the coronary j^lcxuscs/' says Tiersol, 
^^and includes numerous medullated fibers coining from the 
pneumogastric as well as the non-medu Hated sympathetic fibers 
proceeding from the cervical ganglia. Numerous inicroscopical 
ganglia are found along the course of the large nerve-trunks 
accompanying the branches of the coronary arteries, especially 
in the longitudinal interventricular and in the auriculo-vcn- 
tricular furrows. Many additional small groups of ganglion- 
cells occur within the muscular tissue associated with the fibers 
supplying the intimate structure.” Briefly, according to pre- 
vailing teachings the vagus and sympathetic are the nerves 
which govern the functions of the heart. 

Is this true? In the light of my own views, it is subject 
to doubt; and, precisely as I have shown it to be the case with 
the kidneys, all tlie nerves supplied to the heart belong to the 
sympathetic system. 

Accelkkation. — Legallois, early last century (1812) urged 
that the nerves wliich increased the beats of the heart in a 
given time belonged to the sym|)athetic system. Although 
vigorously attacked by Bczold and others, this doctrine has 
steadily gained ground, and most investigators, including llei- 
denlmin, Langley and Gaskell have accepted Legallois^s view. 
It becomes a question, however, — in the light of my views, — 
whether acceleration represents the motor phase of cardiac 
action, and therefore, whether or not as in the kidney, the 
sympathetic fulfills the role of motor, t.c., of vasodilator nerve. 
That it docs is shown by the experiments of E. and M. Cyon** 
who found that occlusion of canliac vessels did not cause ac- 
celeration — in other words that it was not by reducing the 
blood supplied to the heart walls that the accelerators acted 
upon the heart. On the other hand, as w^ill be shown under 
the next heading, constriction of the cardiac arteries, ue,, dimi- 


• B. Md ML Cyon: Archlv t PhystoL, 1W7. 
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nution of the blood supplied to the cardiac muscle, slows the 
heart’s action. Indeed, Baxt^^ observed a distinct antagonism 
between the vagi in the neck — owing as shown below to the 
presence of cardiac vasoconstrictor fibers in this nerve — and the 
accelerators, when stimulated simultaneously. The vagi sup- 
pressed the accelerators invariably, in fact, and irrespective of 
the strength of the current. It is evident, therefore, that ac- 
celeration is not due to constriction of the cardiac arteries, and 
that the sympathetic accelerators must act upon the heart by 
producing dilation of these vessels. 

The vasodilator properties of the accelerators have, in fact, 
so legitimate a claim to recognition that in his recently pub- 
lished review of our knowledge on the subjfxit Carvallo^^ re- 
marks: ^‘The first thoracic ganglion, or stellate ganglion seems 
to contain vasodilator fibers which almost always cause aug- 
mentation of speed.” He forcibly illustrates this fact by a 
table demonstrating that the vessels so influenced show an in- 
creased blood-flow in a given time, when the accelerator nerves 
are stimulated, and closes his review with the following words: 
‘‘Wo may conclude therefore that the heart possesses a complete 
vasomotor apparatus the vasoconstrictor fibers of which reach 
it essentially by way of the vagus, and the vasodilator nerves 
by the stellate ganglia [first thoracic] and the annuli of Vieus- 
sens.” 

Briefly, ‘^acceleration” represents an exacerbation of ac- 
tivity of the heart, and just as we found such increased activity 
produced by vasodilation and the admission of an excess of 
blood, in other organs, so do we find it here. 

Inhibition. — In the light of foregoing statements, this 
])hcnomenon should assert itself as a result of excessive con- 
striction of the cardiac arteries and diminution of the blood sup- 
plied to the cardiac muscle. That such is the case suggests 
itself from various directions. 

The inhibitory effeet of excessive constriction of the coro- 
naries is beyond question. Chirac'*^ found that the beats of a 
dog’s heart were soon arrested when one of the coronaries was 


” Baxt; Arb. a. d. phya. Anst.. Leipzig. 1876. 
’"Carvallo: Richet's Dlctlonnalre de Physiol., p. 847, 
Chirac: “De Motu Cordl8,“ p. 121, 1688. 
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tied. Erichsen^® observed a similar result after tying these 
vessels. Leonard Hiir*^^ referring to the investigations of Cohn- 
heim and Schulthess-Rechberg,-^ McWilliams,*^ Bettelheim,^^ 
and others, also states that ^‘ligaturing one of the large branches 
only is frequently sufficient to cause arrest. Again, S6e, 
Bochcfontaine and Roussy^® observed that substances capable of 
plugging the coronaries — lycopodium spores, for instance — also 
caused cardiac arrest. Porter-® plugged the left coronary artery 
in nineteen dogs and says that “the closure of the artery was 
always promptly followed by arrest.^^ As the result of closure 
by ligation in sixty-seven dogs, he readied the deduction that 
“the frequency of arrest is in proportion to tlie size of the 
artery ligated.” As cardio-inhibitory impulses transmitted 
through tlie vasoconstrictors of l)oth vagal trunks proluibly influ- 
ence nil the cardiac arterioles simultaneously, the ease with 
which the heart's action can be arrested by exciting the bulbar 
center is easily acrounted for. Finally Kolshu*,'^^ Porter,^” and 
others have shown experimentally that the jiart of the heart 
supplied by an infarcted coronary artery degenerates. 

Yet, if the vasomotor impulses inhibit the heart by causing 
excessive constriction of the coronaru's and their offslioots, the 
effects on the heart wall must coincide with those resulting 
from deprivation of blood. Such is undoubtedly the case: B. 
Weber-® observed that during partial inhibition the cardiac con- 
tractions were weakened, while SchitP® friund that the mus- 
cular elements of the entire organ responded less or not at all 
to stimuli. Fran(jois-Franck, Fischcl,®’ and others observed 
that the cardiac walls were softer than usual. Poster®- states 
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that when the interrupted current is used to stimulate the 
vagal trunk, the heart remains in diastole, motionless and flac- 
cid. When, however, the current is weak, the beats are only 
slowed and weakened. Coats'*® ascertained manometrically that 
the contractions were markedly reduced in force. Gaskell** 
and Stefani®® found that the ventricular tonicity was reduced. 
Muskens®" also found that stimulation of the vagus lessened the 
force of the contraction in the frog. 

Gaskcll®^ characterizes as "most striking^^ the attending 
depression of activity. Still, there is no loss of inherent mus- 
cular irritability, since, according to Foster,®® a pin prick in 
the heart during inhibition may cause the organ to resume its 
beats; the morbid phenomena are, therefore, the result of a 
deficient supply of the nutrient components of the blood. Por- 
ter®" states that "but little is known as to the constituents of 
tbe blood wbich are essential to the life of tbe mammalian 
lioart,” and that "an abundant supply of oxygen is certainly 
highly important.^’ The manner in which the deficiency of 
these blood constituents causes the inhibitory effects is suggested 
in the following lines of Langley V": "The decrease of rigidity 
in the inhibited muscular tissue shows that inhibition is not 
caused by the dovelo]unent of a contractile force acting in a 
direction opposed to tbe normal one and overpowering it. We 
are then brought to the conclusion that certain nerve impulses 
— the inhibitory nerve impulses — are able to lessen or to stop 
the chemical change in the tissue which leads to contraction.^^ 
The role of the "inhibitory” fibers (now generally consid- 
ered as vagal, because they form part of the nerve bundles 
which have been known as the vagi, or pneumogastric nerves) 
thus corresponds wu‘th that of the sympathetic vasoconstrictors 
we have found, elsewhere, to restore the arterioles to their nor- 
mal caliber after these vessels had been dilated by a motor or 
secreto-motor nerve to incite an exacerbation of functional 

“Coats: Bericht d. k. Sachs. Gosellsch. d. Wlssensch., S. 360. 1869. 

“Oaskell: Philosoph. Trans., p. 1019, 1882. 

“StefanI: Archives italiennes de biologic, T. xxlii, p. 172, 1895. 

“ Muskens: Pfliiger’s Archlv, Bd. Ixvl, Hft. 6 u. 6, S. 328. 1897. 

’"GaskeU: Schiifer’s **T. B. of Physiol..** vol. il, p. 169, 1900. 

Foster: “T. B. of Physiol..” sixth American edition, 1896. 

“Porter: "Amer. T. B. of Physiol.,'* vol. 1. second edition, p. 148, 1900. 

“Langley: Schfifer's “T. B, of Physiol.,** vol. ii, p. 616, 1900. 
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activity. Langley’s observation gives precision to jny view in 
this connection ; interpreted from my standpoint, it is tlii^ 
diminution of blood in the cellular elements which serves ^‘to 
lessen or to stop the cliemical change in the tissue which leads 
to contraction.” (’an wc logically, in view of the secrelo-motor 
role* ascribed by physiologists to tlie vagus in otlier organs, 
admit that in the heart its action is the opposite? That the 
so-called “inliibitory” nerve is composed of sympathetic lil)ers 
wliicli carry on the same functions they do in other organs, 
is therefore evident. 

Should we under these conditions consider the sympathetic 
as “inliihitory”? 1 have shown lluit inhibition is tlie result 
of excessive constriction of (he arterioles. “Kxcessive” here 
obviously iKirtrays a morbid or pathological condition, one of 
grave importance clinically. Indeed, as I will show in the 
second volume, many toxins and toxics ar(‘ fatal owing to ihviv 
vasoconstrictor influence on the cardiac vi‘sscls, and the morbid 
phenomena awakened are ))recisely those descriherl al>()v<^ — those 
which the physiologist deems normal because they are expressions 
of a so-called jdiysiological function he has termed ^‘inhibition.” 

In rny opinion the older term ‘hnoderator nerve” sliould 
replace the ])(;rnicious term now used, and ^^inhil)ition” he re- 
served for the exjiression of the morbid process which excessive 
constriction of tlie arterioles represents, 

ArcJMKNTATiox. — This action of the heart, ix,, increase of 
its contractile ])ower, must be due t^) an action other than that 
of acclerator nerves. Thus, von Bezold and Bever^’ and later 
Vyon*' found that stimulation of the accelerator incu-cfised 
the number of beats of the heart, but not its power. This was 
conlinned by other investig«itors. Again the mode of action of 
tlie augmentor nerve differs strikingly from tliat of other car- 
diac nerves; Foster,^’* for instance, writes: “In contrast with 
tlie case of the vagus fibers, a somewhat strong stimulation is 
required to, produce an effect; the time rerjuir(‘d h>r the maxi- 
mum effect to be produced is also remarkably long.” These 

** Bozold and fiever: Vnteniucb. a. d. physiol. Lab. zu Wurzburg. Bd. 11, 
18417. 

"Cyon: Lor. cit. 

"Fozter: Loc. cit., p. 203. 
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facts suggest tliat acceleration and augmentation are separate 
functions. Indeed, tlie delay in the augmentation of power, as 
compared with th(i acceleration, is explained when, as 1 urged 
a few years ago,^** the adrenal secretion is regarded as the source 
of the increased cardiac power. This is sustained by many 
facts. Thus, while Noel Paton^"' refers to the ^^augmentors and 
accelerators'’ as small rnedullated, i.e,, sympathetic, fibers ‘Vhich 
leave the spinal cord by the anterior roots of the second, third, 
and fourth dorsal nerves passing to the stellate ganglion,” [ 
have shown, that the three aliove-mentioiu'd roots are also pre- 
cisely tliose ‘through which the nerves which pass to tlu; sym- 
jiathetic chain and thence down to the splanchnic, to finally 
reacli tlu* adrenals. On stimulating thes(‘ nerves, therefore, an 
exjierimimtiu’ not only excites the accelerators which pass to the 
heart via tlu‘ annulus of Vieussens, but also the nerve-jiaths to 
the adrenals. 

'J’his accounts for the fact that while a large group of in- 
vestigators inclmling Oyon, Bezold, Schmiedeberg, Boehm and 
Bowdihdi observed acceleration without increase of power, others, 
(‘(pially competent, including rieidenhain. Mills, Itov and Adami, 
and Bayliss and Starling observed both ]>henomenn. Indeed 
Sclunii'deberg and Bowditch liotli urged the ])resonco of two 
dilTerent sets of nervi'S to account for these spt'cifut elfeets, the 
one set influencing tlie cardiac beats, the other ^^acting upon 
the blood-pressun* without influencing fn‘(piency,’^ Now, the 
marked influeiu*e of the adrenal secretion upon the l)lood-pres- 
sure is welUknown, and the delay in the appearance of ^‘aug- 
mentation” is explained when it is borne in mind that the 
activity of secretory organs had to be awakened liefore the “aug- 
mentation”, and the rise of blood-pressure could become mani- 
fest. Biedl,'^' in fact, found that stimulation of the divided 
splanchnic only caused an increased production of adrenal secre- 
tion after 7 to D seconds. 

I submitted in the two preceding sections, the reasons 
wliieh had led me to conclude that the adrenal secretion con- 
tributed to the contractile power of the right ventricle which 


** StiJoiiR*. Jour. Amer. Mt'd. Assoc., Feb. 4, 1905. 

“ Nool Paton: ''Esscntlul of Hiiiuan Physiol.,’' p. 243, 1905. 
"Bicdl; Lor. rit. 
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it reaches with tlie venous blood of the inferior vena cava. 
Xow, Brown-Sequard*** liad luany years earlier (1855) urged 
the predominating influence of the blood of this vein upon 
cardiac dynamism, a view sustained by itadcliire (1855); but 
Castell having found that a frog's heart when detached failed 
to beat with increased vigor in carbonic acid gas, and over- 
looking the fact that some other substance in tlie venous blood 
migiit have acted on the heart, physiologists disregarded Brown- 
Secjiiard’s observation. Additional evidence to this elfcet is 
submitted in tlie second volume. 

The jiresenee of ‘^augmentor’' and ^^pressor'^ fibers in the 
sympatlietic splanchnic accounts for il)c fat‘t long ago recorded 
by von Bezold and Bensen,'*'' that S(‘ction of both splanchnics 
lowered the ])lood-pressure as much as section of tlie spinal 
cord in the cervical region, while Str(*]il and Weiss found that, 
after removing one adrenal, tlie bloo<l-pressure could Ik^ lowmvil 
by (damping tin* suprarenal vtdn of the remaining organ, tlius 
depriving the ))lood of any adrenal secretion, and that by 
releasing this vein the hlood-]u*essure was soon restored to its 
previous level. As I view the ])roc(‘ss, however, (‘xcitaiion of 
the lower segment (»f tlie upjier sympathetic cord after dividing 
it should raise the blood-pressure. Bezold found that this pro- 
cedure. raised the blood-pressun* as imicli as srven I Inn's its 
initial level; Ludwig and Thiry showed, moreover, that the 
same result could be obtained after severing all the nerves to 
the heart. 

Augmentor etfects attended by a rise of the blood-pressure 
may also be produced througli the intermediary of another 
organ. Cyon and AladolP” found that stimulation of the an- 
nulus of Vieussens (wliieh also contains pure accelerator fibers) 
raised the blood-pressure. Cyon had already found in 18G7 
that when the cervical sympathetic was divided on a level with 
tlie inferior cer\u’oal ganglion, and its upper segnumt M^as ex- 
cited the strength of the heart-beats was markedly increased. 


Brown-S^quard : Exper. Reaearchea applied to Phya. and Path., N. V., 
London, and Par la, 1853. 

“Von Besold and Benaen: Neue WUraberger Zeitung, 18fi6: Verb. d. Phya. 
med. Geaella., WQraburg, January, 1867. 

“Cyon and Aladoff: Bull, de I’Acad. des Scl. de St. Petersburg, vol. 
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A recent study of the question (1898)°® by the same physi- 
ologist showed that these ‘^reenforced pulsations^’ which he had 
at first ascribed to reflex action, were in reality due to the fact 
that the nerves which evoke these phenomena were distributed 
to the vessels of the thyroid gland and that it was the secretion 
of this organ which had produced the cardiac “augmentation.” 
The manner in whicli the thyroid secretion could produce this 
effect is readily explaine<l by the fact that, as I have shown, 
this secretion servos to sustain the functional efficiency of the 
adrenal ('enter. Briefly, it is also through the adrenals — 
though indirectly — that Cyon produced “reenforced pulsations” 
of the heart. 

The following conclusions seem to me, in the light of the 
foi*egoing facts, to summarize the functional mechanism of the 
heart: — 

y. Tha nervous mpply of the heart is derived from the 
sjjm path e tie system and is composed of two sets of nerves: 
the accelcraior and the moderator (or inhibitory) nerves. 

2. The accelerator nerves increase the rapidity of the con- 
tractions of the heart, by causing dilation of Us arterioles and 
thus increasing the volume of blood admitted to its mtiscular ele- 
ments. 

d. The moderator (or inhibitory) nerves dimiuLsh the ra- 
pidity of the hearVs contractions, by causing constriction of its 
arterioles and thus reducing the volume of blood admitted to its 
m usruhir el em en is. 

It- **A ugmeniationf* i.e., increased power of the heart's con- 
tractions is due to increased activity of the adremals, whose 
sccrelion> traverses the heart on its way to the lungs. 

As to the physico-chemii^al process involved — bearing in 
mind that the muscular elements are inherently contractile — 
they are, jKinding additional data, as follow's: — 

5. The mechanical energy upon which the right heart 
depends is of two hinds: ( J ) ,the contracUle action of the 
adrenal secretion brought to it by the inferior vena cava; (2) 
the continuous action of the oxidizing substance of the coronary 
arterial blood upon myosinogen farmed from gramiles the 
latter being granulations derived from leucocytes, 

*“*Cyon; Arch, de physiol, norm, et path., vol. x, No. 5, p. 618, 1898. 
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G. Hie adrenal secretion and the ijranidatian^ ^ enter the 
right auricle and the right ventricle ivith the blood of the vena 
cava. 

7. Hie adrenal secretion, owing to its direct action on 
muscular tissue, causes the walls of these cavities to contract 
alternately upon ikeir venous contents and to force a small 
quantity of the latter into the Thebesian foramen and channels. 

S. This blood then penetrates the interjibrillary sjiaces of 
Ilenle , — i.e., around the bare muscle-cells. — and its granules p* 
are used by ike latter to build up their myosinogen. 

9. As ike plasma of the coronary arteries and their ter- 
minalSj the pericellular capillaries of the muscle-elements, con- 
tains oxidizing substance (adrenoxidase) conlracHon of the 
muscle-cells is induced as it is elsewhere in the organism. 

JO. The adrenal secretion and the grannies which do not 
enter the Thebesian channeds. are carried to the lungs with the 
venous blood of the right ventricle. 

11, The mechanical energy of the left heart is supplied (1) 
by the oxidizing substance of the arterial bOmd, which penel rates 
its niuscular structures and its cavities by the coronaries and the 
pulmonary veins, and (J) by an additional supply of granula- 
tions fi , and perhaps of adrenal secretion, which find their way 
to its myocardium through the Thebesmn channels that connect 
it with the right heart. 

12. The manner in which the contractile process is carried 
on in the walls of the left heart is similar to that which prevails 
in the right heart. 

THK ADRKNAL SECRETIOX IX ITS RELATIONS TO 
RESPIRATORY KI NCTIONS. 

The role of the adrenal secretion in res])irationj and 
particularly the process through which oxyj^en is taken up by 
llie blood, was reviewed in the second chapter, 1 believe that 
the succeeding {‘haj)ters, by affirming the importance of the 
oxidizing substance in every part of the organism, have but 
confirmed the conclusions reached concerning the prfK‘c>s8 in 
(luestion. The fact that the interchange of oxygen and car- 
bonic acid between the alveolar air and the blood by mere 
diffusion was inadequate to account for the experimental results 
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or various investigators, particularly Bohr and Haldane and 
J^iiriitli, lias therefore been correspondingly emphasized. 1 
must also refer to the fact, liowever, tliat the belief of Ludwig, 
Bohr, and others, that tlve alveolar tissues might be the seat 
of functions capable of fulfilling the missing requirements of 
the process, lias not lieen sustained by my inquiry. On the 
oilier hand, the rdk; of the adrenal secretion in the lungs as 
I have defined it has ade<piately met these requirements, not- 
withstanding the severe tests to wliich it has been submitted in 
previous chapters. 

We have seen tliat tlie adrenal secretion, conveyed to the 
lungs witli th(* venous lilood, is not only able to take up oxy- 
g(*n, but to form an oxidizing substance, i,e,, adrenoxidase, with 
uhich luemoglobin can, in the lungs, become replenished with 
oxygem. The entire set of analyses submitted in this work 
so far, however, has serv(‘d further to emphasize another fact: 

that the plasma, and not the corjnisde, is the dispenser of 
o.rjffjen, the corpuscle being a mere carrier from which the 
]ilasma itself becomes replenished as needed. As already stated, 
this precisely coincides with the conclusion to which Jaquet 
was led by chemical imdhods after Salkowski (1881) had ob- 
tained oxidations from blood alone, which he attributed, how- 
ever, to the lilood-corpuscles. Abelous and Biarnes having ob- 
taincil oxidation of salicylic aldehyde liy means of blood-*5e/*w;/?, 
Salkowski modifi(‘d his former view and experimentally con- 
firmed the results of the other investigators. 

Finally, we have seen how closely connected the adrenal 
secretion is with the integrity of the bhx)d, and how readily the 
haauoglobin moleiailo becomes dissociated in proportion as the 
eihciency of the adrenals becomes weakened. 

'J^he next important (piestion to analyze is one fraught with 
considerable confusion, viz., the manner in wdiich the respiratory- 
process is governed, and the identity of the respiratory center. 


TITK XKRVO-VASCULAR MECHANISM OF THE LUNGS. 

According to prevailing teachings the respiratory center 
is located in the medulla oblongata, t.c., the bulb. But there 
is considerable (‘videnee on record indicating that the bulbar 
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center is not supreme in the control of respiration, althougli the 
fact that it forms part of tlie controlling mechanism cannot be 
denied. Thus, division of the cord below tlie seventh eervii^al 
nerve arrests costal respiration; section below tlie medulla 
causes all thoracic movements to cease; removal of the brain 
above the medulla, the seat of tlie supposed cent(*r, doi'S uni 
stop respiration, wliile eessati(ui of this function occurs when 
the medulla is removed or extensively injured, save in exci'p- 
tional cases. After reviewing this evidence Professor Kosl(‘r 
adds: “Nay, more: if only a small portion of the medulla — 
a tract whoso limits have not been rJearly (Irfinrd;'^ lint which 
may be described as lying below the vasomotor center in tlu* 
immediate neighborhood of flu* nuch'i of the vagus nerves — be 
removcHl or injured, respiration (‘(*as(‘s, and d(*ath at on(*e cnsiK's. 
Hence this porticui of the nervous system was called hy Floiinais 
the vital knot, or ganglion of life: luvad vilaL We shall sjieak 
of it as the rrsjdratijrjf center f* 

Yet, how account for the facts recihal in the following 
(piotation from Noel Paton’s t(‘xt'~: “Uoth parts of tin* re- 
spiratory center are under the control of liigher nerv(‘ (waiters, 
and through these they may l)e thrown into action at any tinu‘, 
or even prevented from acting for the spate of a minute* or so. 
But. after the lapse of this period, the res])iratory mcichanism 
|)]-oceeds to act in spite of the most iiowerful attenifits to pn*- 
vent it. 

“To determine its mode of action the influence of afferent 
nerves upon the center must be considered. 

**\agnf <. — Since the vagus is the nerve of the respiratorv 
tract we should expect it to have an important influence on the 
center. 

"^Section of one vagus causes the respiration to become 
slower and deeper; lint, after a time, tlie (*ffect wears off, and 
the previous rate and depth of respiration is regained. 

'‘Section of both vagi causes a very marked slowing and 
deepening of the respiration, wliicli persists for some time, and 
passes off slowly and incompletely. Now, if after the vagi have 
been cut, the connection of the center with the upper brain 

The Italics are mine. 

” Noel Paton: Loc. dt., p. 791. 
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tracts is severed, the mode of action of the center totally changes. 
Instead of discharging rhythmically it remains for a long period 
at rest, then the inspiratory center discharges violently, causing 
a strong and prolonged contraction of the muscles of inspira- 
tion. This passes ofI\ and again a period of rest of variable 
duration sets in, to be again interrupted by another more or 
less long and strong discharge. 

^‘Separation of the resjiiratory center from the vagi and 
upper brain tracts brings about a loss of its rhythmic action, 
hut docs not stop its activity. The center owes the rhythmic 
nature of its action to afferent inipulses. These afferent im- 
pulses reach it normally through the vagi, but when these are 
cut the upper brain takes upon itself the function of maintain- 
ing the rhytlnn.’’ 

Howell"’** also says, referring to the “midbrain, at the level 
of the posterior colliculi” (the corpora quadrigernina) a region 
above the medulla oblongata: “Martin and Bookcr*^^ found 
that stimulations in this region caused a marked increase in the 
rate of inspiratory movements and finally a standstill in inspi- 
ration — that is, a complete tetanic contraction of the inspiratory 
muscles lasting during tlu* stimulation. Tiewandowsky'^® has 
shown that section of the brain stem at or below the inferior 
colliculi causes an alteration in the respiratory rhythm similar 
to that following section of both vagi. After cutting through 
the inferior colli(*uli further sections more posteriorly do not 
add to the etfcct. He considers that there is an automatic in- 
hibitory center in the midbrain which influences continually 
the automatic activity of the medullary center.” Again, Ott®® 
writes: ‘T have made numerous experiments to determine the 
exact scat of the polypnceic center. To establish a center three 
things are necessary: (1) that its abolition causes the phe- 
nomena to disappear; (2) that irritation — mechanical, chem- 
ical or electrical — causes the phenomena to be present, and (*3) 
that the part of the nervous system exhibiting these peculiarities 
be circumscribed in extent. After numerous observations and 

•^■‘Howrll: "T. II. of Physiol.,” 8c>cond edition, p. 640, 1907. 

^ Martin and Dooker: Jour, of Physiol., 1, 370, 1878. 

“ Lewnndowsky : Archlv f. Physiol., 489. 1896. 

"Ott: *‘T. B. of Physiol.,” second edition, p. 451, 1907. 
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experiments it was found tliat pressure u])on the tuber i*inereum 
with a pledget of cotton, or even slight puncture, increast‘d the 
normal respirations to the point of j)oIypna'a. Com})lete })unc- 
ture in a normal animal was followed by a rise to lOh® ¥. 
within two hours, even though the animal was hound <lo\vn 
and had been subjc'cted to considerable shock. 

“If now the animal whose tuber is ))unetured be heated, 
there will result tto jiolypntea, even though a temperatun* of 
107° F. be reache<i. I am convinced that the lubrr ciuvrcuni 
is a center of poh/pnm and thertnotaxis/' 

A suggestive feature asserts itself in this connection: As 
I have pointed out, and as will lie further shown in the second 
volume the tuber cinereum is precisely the region througli which 
the nerve path from the ])ituitary body to the adrenals passes 
to the medulla oblongata, and thence, via the spinal cord and 
the sympathetic nerves and ganglia, to the adrenals, wliose S('cre- 
tion, we have setui, serves to take up the (>xygen of tli(» air and 
to distributi‘ it to the tissues, i.e., to sustain oxygenation. 
Moreover, as emphasized by considerabh' evidence submitted 
in the second volume, the walls and floor (of which the tuber 
cinereum forms ])art) of the third ventriide, are th(‘ pathways 
of a vast array of sympathetic fibers which likewise pass from 
the posterior or neural lobe of the pituitary (via the nucleus 
magnus grisei) to the medulla and cord and thence to be dis- 
tributed through the sympathetic chain and its olfshoots to 
all parts of the body including the lungs. We have liere the 
explanation of the presence of so-called heat and respiratory 
centers in this region, i,e,, irritation phenomena following the 
experimental lesions in the course of these nerve-paths, — a fact 
further sustained by the observation of many ex})erimenter8 
that removal of the pituitary body — the seat of the heat and 
main respiratory centers in the light of my views — is followed 
by marked lowering of the tempt'rature and dyspnrea. 

How does the respiratory center — or centers, for as stated, 
the bulbar center is endowed with important functions — influ- 
ence the respiratory mechanism? Before this feature of the 
subject can be analyzed, a brief review of the circulation and 
innervation of the lungs may prove advantageous. 

The pulmonary circulation as regards vascular distribu- 
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tion is succinctly p()rtraye<l in tlic following description by 
]\lillcr/'^ as given by Brilnn and von DavidolP"*: “The inilmo- 
nary artery follows closely the bronchi tlirough their entire 
length. An arterial branch enters each lobule of the lung at 
its apex, in close proximity to the bronchus. After entering the 
lobule the artery divides cpiite abruptly, a branch going to each 
infundibulum; from these brandies the small arterioles arise 
which supply the alveoli of the lung. ^On reaching the air-sac 
tlie artery breaks up into small radicles, which pass to the 
central side of the vsac in the sulci hetween the air-cells, and 
are finally lost in the ricli system of capillaries to which they 
give rise. This net-work surrounds tlie whole air-sac and com- 
municates freely witli that of the surrounding sacs.^ This 
cajiillary net-work is exceedingly fine, and is shrunken into the 
epitlielium of the air-sacs; so that between the epithelium and 
the capillary tlicre is only the extremely delicate basement mem- 
brane. The infundibula, the alveolar ducts and their alveoli, 
and tlic alveoli of the respiratory broncliioles are supplied with 
similar capillary nel-irorks. The veins collecting the blood 
from the lobules lie at the periphery of the lobules in the inter- 
lobular connective tissue, and are as far distant from the in- 
tralobular arteries as ])ossilde. Tliese veins unite to form the 
larger pulmonary veuns. The bronchi, both large and small, 
as well as the bronchioles, derive their blood-supply from the 
hronchial arteries, which also partly supply the lung itself. 
Capillaries derived from these arteries surround the bronchial 
system, their caliber varying according to the structure they 
supply: finer and more closely arranged in the mucous mem- 
brane, and coarser in the connective-tissue walls. In the neigh- 
borhood of the terminal bronchial tubes the capillary nets 
anastomose freely with those of the re,^piratory capillary sys- 
tem," ^lo avoid confusion 1 may recall the fact that, while 
the pvimonnry artery and its branches contain venous blood, 
and the hronchial arteries and their branches carry arterial 
blood, the pulmonary veins, on the contrary, contain arterial 
blood. When, therefore, bronchial capillaries are said to empty 


Miller; Journal of Morphology, vol. vlll, p. 16f>, 1893* 
^ nhbm and vou Davidoff: Loc, clU 
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into the pulmonar}^ veins, it is not used, or venous, blood tluit 
is transferred to the latter, but arterial blood originally derived 
from the thoracic aorta or its primary branc-lies. 

The lungs, as is well known, are innervated by the vagus 
and the sympathetic system. These unite to form plexuses, the 
anterior and posterior, which enter the organs witli the bron- 
chial tubes and accompany them along their ramillcations. 
'i'he anterior pulmonary plexus, made up of vagal and sym- 
pathetic filaments, overlies tlie pulmonary artery, while tlu* 
richer posterior pulmonary plexus, composed also of vagal 
filaments, intermixed with sympathetic fibers from the second, 
third, and fourth tlioracic ganglia, follows the bronchi to their 
ultimate subdivisions. 

According to prevailing views, tlic vagus — both its sensory 
and motor fibers — is alone regarded as the intermediary between 
the respiratory center and the organs of respiration, but as 
shown in the second volume, the neural lobe of the pituitary 
also contains the sympathetic center. This ])ro\imiiy to the 
respiratory center and the important role the sympathetic plays 
in respiration pointedly suggest that both centers are func- 
tionally united. 

Indeed, there is good ground for the Ixdief that the expeu’i- 
montal phenomena now ascribed to the vagus are partly of 
sympathetic origin — sympathetic in the sense that they are 
essentially vasoconstrictor as in other organs previously re- 
viewed. Sappey, for instance, writes^*^: ‘^Section of botli pneu- 
mogastrios in the median portion of the neck not only abolishes 
the sensibility of the resjiiratory mucous nuunbrane and ])ara- 
lyzes the intemal respiratory muscles; it also involves as con- 
sequence a mucous ejfumon into the bronchi, engorgernmt of 
the lungs, emphysema of these organs, and a very sensible 
diminution in the number of inspirations.^^ We have in the 
pulmonarx^ engorgement an evident result of variation of vas- 
cular caliber, and inasmuch as we are dealing with a division 
of the nerve, the effect on the vessel must have been one of 
relaxation. On the other hand, we have in the paralysis of 
the intemal respiratory muscles evidence that a motor nerve — 


■* Sappey: **Tralt6 d'Anatomfe DeacrlptlTe," toI. ill, p. 897. 
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a vasodilator, or stricto-dilator, in oiir sense — was also severed. 
These dual phenomena indicate that the vagus, as we have seen 
in the case of the lieart, must have contained vasoconstrictor, 
i,e., sympathetic libers. 

The presence of vasoconstrictor fibers is, in fact, generally 
recognized. Francois-Franck, in 1881, shov;ed that the sym- 
pathetic nerves distributed to the lungs, caused vasoconstriction, 
these fibers being stimulated at the entrance into the lungs. 
Bradford and I)ean‘‘^* also demonstrated the presence of vaso- 
motor nerves in tliese organs after a series of exhaustive experi- 
ments. In a subse(juent study of the subject Frangois-Franck^^^ 
noted the paradoxi(?al fact that vasoconstriction of the pulmo- 
nary vessels caused the lungs to swell, instead of being reduced 
in volume. This is readily accounted for when it is recalled 
that the vasoconstriction applies only, in tlie light of my views, 
to the arterioles. These small pre-capillary vessels being con- 
stricted, the arterial blood was rlammed up behind the seat of 
obstruction in Frangois-Franck’s experiment, thus causing the 
larger portions of the vessel, which are not governed by the 
sympathetic, to dilate. 

A source of confusion asserts itself in this connection, how- 
ever, which we have also encountered while studying the heart. 
The experiments of Bose Bradford and l)ean‘*^ are thus referred 
to by Frangois-Franck : “They carefully sought the points of 
emergence, from the cord, of the filaments which cause eleva- 
tion of pulmonary pressure and lowering of aortic pressure: 
that is to say, pulmonary vasoconstriction. These were located 
from the second to sixth dorsal, and, in respect to maximum 
effects, on a level with the third, fourth, and fifth nerves. The 
pulmonary vasoconstrictors ascend the chain up to the first 
thoracic ganglion, where they become detached, to reach the 
pulmonary plexuses.^' The salient feature of the topography of 
these nerves is that the lower limit of the ganglionic chain 
through which they pass happens to be the upper limit of the 
ganglia from which the splanchnic nerves that ultimately carry 
impulses to the adrenals are given oflP. While the pulmonary 


"“Bradford and Dean: Jour, of Physiol,, vol. xvl, p. 34, 1894. 
Francois- Franck: Arch, de Physiol., T. vili, p. 184, 1896. 
Rose, Bradford and Dean: Journal of Physiol., p, 57. 1894. 
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vasoconstrictors which pass directly to the lungs froni the lirsv 
thoracic to the pulnionarv .plexuses are, as generally taught, 
true vasoconstrictors, the jiresence in the second, third, and 
fourth ganglia of the sympathetic chain, of the nerves to the 
adrenals suggests that many vasoconstrictor phenomena attrib- 
uted to the direct action of nerves, shouhl be ascribetl to an 
increase of adrenal secretion in the blood. Indeed Jacobi’**' 
found that intense vasoconstriction of the intestinal vessels 
(inhibition) produced by excitation of the splan(‘hnic was 
reidaced by ordinary vasoconstriction after the suprarenal 
nerves had been cut. 

The fact, moreover, that the introiluction of adrenal extract 
into the cinadation produces general vasoconstriction is well 
known. .^lankowsky,'*^ for example, noted “a great increase in 
blood-j)ressure and stimulation of the (*ardiac and respiratory 
centers.'’ This occurred ‘‘even wlum tlie animals (dogs) wi*re 
under the influence of chloroform, morphine, or chloral hy- 
drate.” ‘Mil cats, says Swale Vin(*ent,'**"’ “hy far the most notice- 
able feature was an enormous rapidity of the respiratory move- 
ments in the early stage.” The two — now familiar — stages 
that occur under the influence of toxic dos(*s of su|)rarenal 
extract, as well as under that of otlier ])oisons, are W(dl illus- 
trated in the following observation by tlu‘ same investigator: 
^Mn the early stage of poisoning respiration is quick and shallow 
and the Iieart is excited. Subsequently tlie breathing and heart- 
beats become feeble, and finally the respiration is deep and 
infrequent.^^ Finally, the fact that all these phenomena are 
independent of the cord lias been shown by Biedl,'*“ who, as 
we have seen, obtained marked increase of blood-pressure after 
injections of suprarenal extract, notwithstanding the fact that 
all the spinal structures had been removed. 

This does not mean that the adrenal secretion fulfills any 
particular function in the lungs other than that of taking uj) 
oxygen therein ; it is only intended to show that (»xcitation 
of the splanchnic nerve may suggest the presencf» of pulmonary 


“Jacobi: Archly f. exper. Path. u. Pbarm.. rol. xxix, p. 171, 1892. 
“Mankowaky: Russian Archives of Pathology, etc.. Mar, 1898. 

*• Swale Vincent: Jour, of Physiol., Feb. 17, 1898. 

“fiiedl: Wiener kiln. Woeben., lx. 1896. 
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vasoconstrictor nerves in this great nerve-path, when the vaso- 
constrictor effects witnessed in the lungs are in reality due to 
the presence in the blood, as a result of splanchnic stimulation, 
of an excess of adrenal secretion. 

As to the role of the vagus in the respiratory organs, our 
views differ from those at present taught only in that they 
explain, as was the case with other organs, hotv the physiolog- 
ical phenomena are produced. 

I have briefly referred to the manner in which the vagal 
fibers are distributed in the lungs. Sappey”"^ tilso studied the 
distribution of vagal nerves in the lungs of mammals, including 
particularly those of man, the ox, and horse, and reached the 
following conclusions: ''rhey follow the subdivisions of the 

air-tree to their terminal extremities; they do not leave these 
subdivisions and follow them to the lobules. 2. All those that 
leave thj anterior pulmonary plexus and the much greater 
number given off by the posterior pulmonary plexus preserve 
their plexiform arrangement tliroughoiit their entire distribu- 
tion; their meshes are elongated only in the line of their axis, 
each thus constituting an elongated ellipse. 11. Their ramifica- 
tions, essentially destined for the muscular coat of the bronchi 
and res])iratory mucous membrane, have no connection with 
the blood-vessels.” Herdal, on the other liand, confirms tin's, 
and indicates the role of the sympathetic terminals in the fol- 
lowing lines: “"IMie branches of the penumogastric are destined 
for the bronchi; tlie branches of the great sympathetic are 
lost in the walls of the arteries.” 

The statement of Sappey that the vagal ramifications of 
the vagus liave no connection with the blood-vessels, introduces a 
feature of importance which applies to all other organs reviewed, 
viz.: that besides the vasodilator and vasoconstrictor nerves 
which govern the function of any organ, there are sensory ter- 
minals Mdiich, as such, transmit afferent impulses to the centers 
(primary or subsidiary) which govern the local blood supply. 
Indeed, we have seen that section of the vagi in the neck 
caused loss of sensation in the respiratory mucous membrane, 
paralyzed the bronchial muscles, and gave rise to effusion of 


^ Sappey: Loc. cit., p. 39L 
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mucus into the bronchi and engorgement of tlie lungs. How 
can all these phenomena be accounted for without granting sen- 
sory as w'ell as motor and vasomotor functions to tlie vagal 
supply? Loss of sensation points to inhibited f unci ion, and not 
to engorgement of tlie bronchial mucous membrane. And yet 
we may have engorgement w-ithout functional erethism, if it 
is due, not to the presence of blood fully cliarged with oxygen, 
but to blood which, through the very fact of being dammeil 
up ill the vascular cliannels, is reduced therein to practically 
the condition of venous blood. The elfusion of mucus into tlu 
bronchi and pulmonary engorgement would occur as normal 
consetjuences of such a state of things. Ihit how account for 
this vascular dilation without granting such attributes to lh(‘ 
vagal ])lexuses? 

Again, the fac't that cutting of lioth nerves in the neck 
gave rise to jiaralysis of th(>se muscles jioints to another sug- 
gestive fimture, namely: that the vagus must ittrlfr and (joveni 
the motor impulses to these muscles, besides }) residing over 
the functional variations of caliber of their vessels. If we 
now add to these manifestations of rljrtrnf nervous activity 
those of afferent activity suggested by the loss of sensation 
over the bronchial mucous immibrane, it seems cl(‘ar that we 
have in the vagal nerves referred to an autonornons supply espe- 
viaUy devoted to (he, function of the hronrhial tubes and their 
raurifications down to — but not including — the puhnonary 
lobule. The importance of this fact asserts itself when we 
realize that it accounts for the complete isolation of broncliial 
affections from those of the parenchyma, and gives us a clue 
to their original cause. 

My opinion that the vagus — as motor nerve — acts in the 
lungs as elsewhere, i.e., as stricto-dilator nerve, is sustained by 
experimental evidence. As Noel I^iton writes'*"*: ‘‘Strong 
stimulation of the pulmonary branches of one vagus (below the 
origin of the superior laryngeal) causes the respiration to be- 
come more and more rapid, the in.spiratory phase ladng chiefly 
accentuated. If the stimulus is very strong respirations are 


••Noel Paton: Loc. clf., p. 292. 



464 


THE RESPIRATORY MECHANISM. 


stopped in the phase of inspiration. Weak stimuli, on the 
other hand, may cause inhibition of inspiration. 

^^Such experiments prove that impulses are constantly trav- 
eling from the lungs to the center whereby the rhythmic activity 
of the center is maintained. 

^Mlow do these impulses originate in the lungs? Appa- 
rently from their alternate expansion and contraction. 

“if the lungs be forcibly inflated — e.g., with a bellows — 
the inspiration becomes feebler and feebler and finally stops. 
The nature of the gas, if non-irritant, with which this infla- 
tion is carried out is of no consequence. If, on the other hand, 
the lungs he collapsed by sucking air out of them, the inspira- 
tion becomes more and more powerful, and may end in a spasm 
of the inspiratory muscles. 

“This shows that with each expiration a stimulus passes up 
the vagus which acts upon the inspiratory center to make it 
discharge. The vagus is thus a true excito-motor nerve, mak- 
ing the center act in a reflex manner. With each collapse of 
the lung the vagus is thrown into action, as the lungs expand 
it ceases to act, and, as a result, the inspiratory center stops 
ai'ting, the muscles of inspiration cease to contract, and expira- 
tion occurs. 

“While ordinary res])iration may thus be considered as a 
rhythmic reflex act, it must not be forgotten that the respira- 
tory center can and does act rhythmically under the influence 
of the higher center, or a-rhythmically and spasmodically when 
these as well as the vagi are severed from it.^’ 

The mode of action of the vagus as a “true excito-motor 
nerve” is thus subject in a great measure to the respiratory 
centers — the main one of which, in the light of my views is 
located in the neural lobe of the pituitary body. The vagal 
sensory terminals of the bronchi transmit sensory impulses to 
this center and excito-motor impulses are transmitted by it to 
the entire respiratory apparatus, including the thoracic respira- 
tory muscles. The manner in which all these muscles are 
excited to increased activity by the efferent or excito-motor vagal 
fibers does not differ from that of all organs reviewed : an excess 
of l)lood is admitted into the contractile elements, through dila- 
tion of its arterioles. An excess of blood-plasma laden with 
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oxidizing substance is admitted, as previously shown, to the 
myosinogen of the muscular elements, wliere insj)iration is 
in order; hence the fact that strong excitation of the vagus 
•‘^causes tlie respiration to become,'' as Paton says, “more and 
more rapid, the inspiratory phase being cliiefly accentuated.'’ 
When — physiologically — excessive inspiration is to cease, the 
sympathetic vasoconstrictors come into play: tlicy restore the 
muscular arterioles to their normal caliber; less blood is ad- 
mitted to the muscular elements and the inspirations resume 
their normal rhythm. 

But a third factor must now be taken into account: that 
represented by the functions of the adrenals. And from the 
standpoint of the clinician, this factor is by far the most im- 
portant of all the ])hysi()logical jihenomena of the function of 
respiration. Indeed as will be shown in the second volume, 
dyspruea is often the result of a<lrenal insuHiciency. the adrenal 
secretion produced being inadetpiate to sustain the oxygenation 
of the body at large. Again, Miller, we have S(‘en, ref(‘rs to 
the subdivision of the ])ulmonarv artery “which dividi's (piite* 
abruptly, a branch going to (*ach infundibulum”; from the lat- 
ter “small orteriolvs arise which supply the alveoli,’^ while these 
on reaching the air-sac are said to culminate in “the rich sys- 
tem of capillaries to which they give rise.” If the “small arteri- 
oles which supply the alveoli” are abnormally dilated through 
some general dyscrasia and tlic stream of venous blor)d of oxy- 
genation of the adrenal secretion it contains is thus imperfectly 
exposed to the air, we have a logical explanation of the wcM 
known beneficial action of belladonna — a sympathetic stimulant 
which, as we will see, causes constriction of tlie arterioles, and 
of potassium iodide, a powerful adrenal stimulant. 

That fluctuations in the secrotorv activity of the adrenals 
may provoke dyspncea is well illustrated by the effects of all 
drugs that are sufficiently active to markedly affect adrenal 
functions. The action of venoms even more strikingly shows 
the morbid connection that exists between variations of supra- 
renal activity and pulmonary functions, even the stage of blood - 
disintegration being sometimes reached. No6,*^* for instance, 

•• No«: hoc. ctt. 
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refers to the many observers who have reported intense respira- 
tory phenomena after cobra-bites. Viper-venom was also found 
by Phisalix to produce at first ^"accelerated respiration/^ then 
""somnolence, with slowing of respiration/’ Bee- venom in suf- 
ficient quantity gives rise to dyspnoea, according to Paul Bert, 
black blood being found in the vessels. Toad-, salamander-, 
scorpion-, and eel- venoms were found to aftect respiration in 
a similar manner. Mosso noted that the process of death varied 
with the dose: medium doses first arrest respiration, then the 
heart; stronger doses arrest both simultaneously. Paralysis 
of the motor end-plates had evidently nothing to do with this 
process, since Mosso found the thoracic nerves responsive to 
the induced current. 

Removal of the adrenals under these conditions should 
give rise to plienomena similar to a. violent dose of venom. 
Cybulski not only observed,^® under such conditions, marked 
dyspnoea, a fall of the vascular pressure to zero, and haemo- 
globinuria, but also found that the injection into the veins 
of an aqueous 10-per-cent, solution of suprarenal extract ""im- 
mediately caused tliese phenomena to disappear.” BoineP^ 
states that after removal of both organs in a large number 
of rats the respiration l>ecaine ""slow, painful, and difficult.” 
Briefly, the functions of the adrenals are as important features 
of the respiratory function as any of those generally recognized, 
it is now possible to understand why the nerve paths of the 
heat and respiratory centers are so intimately related in the 
third ventricle. Originating from a common center, the pitui- 
tary body, the vagal, sympathetic and adrenal nerves, jointly 
project from their common source, the pituitary body, to reach, 
by way of the tuber cinereum, the walls of the third ventricle 
and the midbrain, the medulla oblongata, where they form 
subsidiary (and probably coordinating) centers whence the im- 
pulses to the respiratory organs are transmitted. 

The newer features of the neiwo-vascular mechanism of 
(ordinary tranquil) respiration which I submit in the fore- 
going pages, pending additional evidence and detail, may be 
summarized as follows: — 

Cybulski: Gazeta Lekarska, March 23. 1895. 

Botnet: Loc. vit. 



THE ADRENAL SYSTEM AND TUB THYMUS. 


4()7 


1, llie bulbar respiratory center is not, as now believed, 
the sole, or even the most important, center of this class; it is 
a subsidiary and, probably, a co-ordinating center, 

2. The primary and chief respiratory center is located in 
the pituitary body and consists of three functionally related 
centers, the adrenal, vagal, and sympathetic centers, irhich, in 
turn, are connected by nerve-chains -with the rorresp07iding sub- 
sidiary centers in the bulb, and govern, through the iniernie- 
dwy of the latter, the respit*atory mechanism. 

The chief respiratory center carries on its functions as fol- 
lows : — 

Its adrenal center, by governing the production of the 
adrenal secretion, which takes up the oxygen of the air and 
forms the albuminous constituent (00 per cent.) of hfrtnoglohin, 
regulates the proportion of this oxidizing substance (the adrenoxi- 
dase) supplied to the blood. 

Us vagal center, acting through the vagus (the intercosials 
and phrenic) as excito-motor (siricio-dilalor) nerves of inspirfi- 
iion, provokes contraction of the muscles which dilate the larynx, 
the bronchi, and the thorax and depress the diaphragm, and thus 
increase the intake of air by the lungs, i.e., the supply of oxygen 
from which the adrenal secretion and the htemoglobin absorb 
oxygen to distribute it to the tissues. 

Its sympathetic center, aciingr, through the sym^Hiihetic 
nervous system, as antagonist of the vagal center to provoke 
expiration, causes all the above-mentioned respiraiary muscles 
to relax passively (by consfricting their arterioles) , thus en- 
abling the larynx and bronchi to resume their normal caliber, 
the thorax to contract, and the diaphragm to rise, in order to in- 
sure the expulsion of the expiratory air laden with carbonic acid, 

THE ADRENAL SYSTEM AND THE FUNCTIONS OF 
THE THYMUS GLAND. 

In the first edition of this work (1903) I urged that there 
was ^^considerable analogy between tlie effects of thymus on the 
organism and those of the thyroid.” Parhon and Oolstcin^^ 
have since been led also to conclude that "the relations of the 

**Parhoa and Qolaleln: Secretioos Internea, p. 5S0, ISOP. 
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thymus with the thyroid gland seemed very close/^ a view also 
sustained by the recent experiments of Hoskins.^® Euhrah’^ 
has, in fact, reported eighteen eases of infantile marasmus in 
which the thymus alone showed lesions — a fact which suggests 
that, as is the case with the thy ropara thyroid apparatus, the 
tliyinus influences in some way general metabolism. In keeping 
with this view is the conclusion of Basch^'^ that a relation 
exists betw(!en tlie thymus and tlie growth of bones and also 
the liealing of fractures — also a therapeutic property shown by 
thyroid preparations. Conversely, FischeB^* and others have 
observed no clearly defined evidence that removal of the thymus 
influenced development, general or osseous, of young animals. 

Still, the preponderating evidence sustains the positive view, 
negative evidence being often due to faulty technique, or ascrib- 
able to Mie assumption of functions by the related organ — ^the 
thyroid in the present instance. 

Svehla'^^ believes that the thyroid gland only assumes its 
functions at birth, extract of fmtal thyroid having proven inert, 
while extract obteined from the thyroids of infants during the 
first month of life was effective. Precisely in the same manner 
did thymus extract behave: foetal-thymus extract produced no 
effecit, wliile that obtained from the thymus glands of infants in 
the first month caused increase in the frequency of the pulse 
and lesseiu;d blood-pressure. lie found, moreover, that ^^among 
children of the same age the thymus extract is the strongest; 
less so the thyroid, and still less the adrenal. In adults, how- 
ever, the adrenal outstrips both other glands.^^ 

Svelila refers to ‘‘increased frequency of the pulse and 
lessoned blood-pressure''* as the prominent effects of thymus 
extract: evidence, if its action corresponds to that of thyroid, 
that a toxic dose had been administered to the experimental 
animal. This is sustained by the fact that other typical symp- 
toms were present: i,e,, muscular weakness, dyspnoea, and gen- 
eral collapse, — a condition from which the animals could be 
saved by the timely administration of thymus extract, which 
promptly restored the normal vascular pressure. 

Hoskins: American Journal of the Medical Sciences, Mar., 1911. 

^* Kuhrllh: British Medical Journal, Aug. 29, 1903. 

’“Uasch: Jahrb. f. Kinderheilk., p. 1003. 

WKischel: Zeltscb. f. exper. Pathol, u. Therap. B. 1, p. 388. 1905. 

” Svebla: Archiv lUr exper. Pathologle, Bd, xllli. 
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TlijTnus extract seems to prove efficacious in precisely the 
same class of cases of exophthalmic goiter — hut only when the 
asthenic or second stage is reached — as thyroid extract. 
Owen/'* for example, recalled his successful result in a marked 
case of twenty years' standing, but he indirectly points to his 
patient^s advanced condition by the statement ‘"the next three 
months he sj^ent mostly in bed.^^ Ills second case complained 
of feeling “low and weak,” sweated profusely, became bald, and 
had tremors and jngmentation. A iliird case beneilted was 
one in which breathlessness, general weakness, and emotional 
outbreaks prevailed. He also refers to an extremely aggra- 
vated case treated successfully by IMaude,'^'* in which drugs, 
including belladonna, had jiroven inelfectual. Under thymus 
tabloids, 45 grains daily, the patient rapidly improved, and 
invariably relapsed when they were discontinued. Alaude hav- 
ing observed that the trernois were ))arti(*uhirly relieved by 
this form of treatment, Owen tried fresh thymus in paralysis 
ngitans, “with tlie result that (he tremors were unmistakably 
benefited and the mental slate and tlie muscular condition 
greatly improved. 

An analytical study of .Maude's cases shows that they arc 
all of the advanced tyi)e. In the first “the heart ami paralytic 
conditions were such as to confine her to bed for over a year.” 
The second “belonged to a liighly neurotic family ; goiter had 
existed since cliildhood,” and the “tnunor, excessive muscular 
weakness, and cardiac disturbance were all well marked.” The 
third had recovered from a previous attjuik witliout thymus; 
lienee, its use after recurrence as the result of gri('f cannot 
serve as fair example. I'he fourth was of thirty-two years’ 
standing, and the patient had suffered from “various severe 
nervous symptoms, viz.: paralysis of various ba«al nonces 
oplithalmoplegia, paralysis of facial, ambulatory epilepsy, etc.” 

• “She had had, in 1894, twenty-four motions in one 
day of almost pure arterial blood. In November, 1895, she 
had a sudden profuse hasmatemesis, followed by collapse so 
extreme that she seemed morilnmd. After she rallied she was 
given 45 grains of {hymns tabloids per day, for a month, and 


”Owen: British Medical Journal. Oct. 30. 3896. 
"Maude: Lancet, July 18. 1896. 
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her improvement was very remarkable; she remained in a fair 
state of health for many months/* Degeneration of the arterial 
walls probably existed in this case, and it seems likely that 
the loss of blood can be credited with the relief afforded. 
Todd^s case**® had an epileptic mother, her sister had suffered 
from myxccdema and had been cured with thyroid extract, and 
she was herself a ^^very delicate” girl. N. J. McKie^s ca^**^ 
and tliose of 11. T. Edes**^ and Philip James"^ also represent 
instanees in wliich there was tbyroadrenal insuffieicncy. In a case 
successfully treated by BoisverP'^ the presence of melancliolia 
also sliows that weakened adrenals were present and that the 
increased insufficiency of these organs brouglit on by the thy- 
mus, as was the case witli two of the patients referred to by 
Dr. Winter in which thyroid extract was used, led to recovery. 
These examples, which could be multiplied, not only indicate 
tluit thymus extractives are active when there is impaired func- 
tional activity of the thyroid and adrenals, but they also tend to 
prove that the thymus gland is very similar to the thyroid in its 
action upon these organs. 

The harmful effects of thymus in the first stage are illus- 
trated by a case described by Watson Williams,®® who found 
that it aggravated the tachycardia and pyrexia: evidence that 
it liad l)cen given while thyroid overactivity was present. In 
the large projjortion of cases reported, however, there is no 
marked untoward effect produced. It seems to be much less 
active in this connection than the thyroid extractives. In fact, 
in some cases — |)rol)ably those on the border-line of thyroid 
insufficiency — it appears to act as a nutrient tonic, as noted by 
Hector Mackenzie®® after a study of twenty cases in which he 
had tried thymus gland, and to which further reference is made 
below. 

The connection between the thymus and the adrenals may 
also be illustrated by the experiments of Abelous and Billard,®^ 
in which removal of the former gave rise to symptoms similar 


«®To<lld: Britlsb Medical Journal, July 25, 1896. 

« N, J. McKle: Brltlah Medical Journal, March 14, 1896. 

^ R. T. Bdea: Boston Med. and SurK. Journal, Jan. 23. 1896. 

“Philip James: Australasian Med. Gaxette, July 20, 1897. 

“ Boisvert: Revue M6dlcale de Montreal, June 21, 1899. 

“Watson Williams: Clinical Journal, Dec. 11, 1895. 

“ Hector Mackenzie: American Journal of the Medical Sciences, April, 1897. 
^ Abelous and BUlard: Archives dc Physlolosle, Oct., 1896. 
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to those that follow ndrcnaloetomy : even to discoloration of 
the skin, great muscular weakness — lapsing into paralysis, 
blood-changes, cedenia, etc. They also found that the secre- 
tions of the experimental animals were markedly toxic: evi- 
dence of inadequate oxidation. On the wlmle, this evidence, 
considered collectively, seems to indicate that the thymus ghind 
supplies some substance which directly or indirectly stimulates 
the secretory functions of the adrenal system, and thereby en- 
hances the activity of the oxidation processes. 

What is the nature of the agency through which the thy- 
mus stimulates the adrenals, and what is the specific relation- 
ship between these organs? These questions are suggested by 
the fact that, while undue activity of the tliymus incTcast's that 
of the adrenals, there seems to be no evidence that the thymus 
can alone — i.e., independently of tlie thyroid — give rise to 
either exophthalmic goiter or inyxrt'dema. In all cases of the 
former disease ascrilied to the thymus found in available litera- 
ture there is invariably thyroidal involvement. Yet the thy- 
mus seems sufficiently active to bring th(‘ adrenals to their 
normal activity when the general vital ))rocesses are dc'pressed. 
We have seen, on tlie other hand, that its removal gives rise to 
symptoms recalling tliose of adrenalectomy. 

llaumaiin^'* found minute quantities of iodine in the thy- 
mus also; but other experimenters have failed to find even 
this trace, and have a.scribcd Haumanirs findings to contamina- 
tion from neighboring thyroidal tissues. Kven granting that 
such a trace of iodine exists, we are well aware that the thyroid 
does not owe its power to stimulate the adrenals to ^"a trace’’; 
the labors of many investigators have conclusively sliown that 
it must supply the organism with a considerable amount of 
this substance. Evidently we must look elsewhere for the solu- 
tion of this problem, and, data bearing directly upon the sub- 
ject being wanting, we shall have to seek for the required sub- 
stance through its comparative behavior in the organism, and 
the manner in which its eflfects vary in the latter from those 
of thyroid extractives. 

Valuable in this connection are the autopsies of 01 chil- 
dren at the Hdpital des Enfants-Malades, of Paris, performed 

** Baumann: Hanchencr mcd. Wocbenfcbrllt, p. Hi* 18M. 
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by Albert Katz at the request of Boumeville.®® All these 
children had died of various diseases, their ages varying from 
one month to thirteen years, though 41 were under two years 
of age. In all of the (il bodies the thymus gland was present, 
while in 28 mentally weak and epileptic children examined by 
l^ourneville the thyimis was absent in 25. In another series, 
of 292 cases, it was absent in 74 per cent. But these comprise 
not only all varieties of mentally abnormal children, but also 
various degrees of imbecility; so that the remaining 2() per 
cent, may have included a number of instances in wdiich mental 
development was higli as compared to that of the cases in wdiich 
the organ was absent. Yet, to avoid favoring our own line of 
argument, we will consider that in three-fourths of imbecile 
children, some of which were cj^ileptics, tlic tliymus gland was 
absent. 

^Jdicse observations become elucidative when analyzed 
tlirough tlie effects of thyroid extract. Especially suggestive 
is the following casual I’emark of ('abot’s, in the course of a 
valuable paper published some years ago*^'^: ‘^The fact that in 
niyxcrdomatous children and cretins tlie thyroid treatment is 
associatt'd with notable growth in height has led some observers 
to try its effects in dwarfed children not myxmdeniatous, to see 
if their development could not he hel|)ed. I have collected 10 
such cases, 3 in idiotic (‘bildren and 0 in whom the lack of 
development was mainly jdiysical. A considerable increase in 
height was ()l)served in all the cases, but the mental symptoms 
were not iniprovcd/"^^^ It seems evident that if, on the one 
liand, the vast majority of eases of mentally Aveak children do 
not possess thymus glands, and that, on the other, thyroid 
extract will enhance growth of idiotic children (not myx- 
cedematous ones, i,c,, cretins), the oxidation processes, stimu- 
lated by the thyroid simultaneously with the adrenals, arc 
inadequate to alone bring on improvement of the mental 
symptoms. Again, it becomes evident that it is upon the 
thymus that the mental development depends, and, finally, 
that it is to some agent which the thyroid gland does not 
contain that this development is due. 

"•Katz: Le Progrfis Medical, Juno 23. 1900. 

••Cabot: Medical News. Sept 12, 1896. 

The Italics arc my own. 
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This enables us to eliminate iodine, Ihyroiodase, as the 
main active principle of the thymus gland, and, our inquiry 
being disconnected from the oxidation process through the 
evident inefficiency of the thyroid to restore mental functions, 
we arc led to seek for a chemical body that will enhance ceri'hral 
nutrition. Can we expect such an hypothetical agency, however, 
to concentrate its effects upon the brain alone? 'riiis is hardly 
probable, judging from analogy, and the nervous system at large 
must also utilize it physiologically. Our lield is tluu-efore 
broadened, since an agency connected with tht» nutrition of the 
brain alone, or one ])laying the same role in respect to the entire 
nervous system, may serve our nee<ls. This is, to say the least, 
fortunate, for the chemistry of brain- and nerve- matter is far 
from well known, and even a good analysis— one leased 
upon the more salient data availal>h‘ — wouhl Im* impossible 
were the limits of the impiiry at all narrowetl. 

Of the solid constituents of nerve- and brain- matter, 
three stand out prominently: choleslerin, cerebrin, and lecithin, 
Cholestcrin, considered by Austin Hint, dr., as a waste-j)roduct 
of cerebral and nervous origin, though it nqu-esents on(‘-half 
of all the solids, shows no molecailar constituent (*apalde of 
assisting us the fact that th(‘ thyroid secndcs a 

specific agency being taken as standard ; nor <1(k-s cerebrin 
(C,7lf;,.tN ().,), though both this and the prec(*ding body an^ 
found in abundance in the c(‘rebro-spina! axis and nerves. 
With lecithin, sometimes termed ‘‘phosphorized fat,’^ which 
represents about one-tenth of the solids, tlie case is diff(‘rent, 
since its formula sugg(‘His that phosphorus may 

represent the constituent we are seeking. It is not only a 
prominent component of the whole cerebro-spinal and neiwous 
systems, however, but it is also a constituent of tla^ red and 
white corpuscles, milk, bile, serum, semen, and pus. Anothcjr 
body, protagon (Cic^HgogNsPOas), has also been isolated from 
brain-substance by Liebreich, who considered it as the main 
cerebral constituent: an opinion sustained by Gamgee and 
Blankenhom.** Hoppe-Seyler and other investigators are, 
however, inclined to consider it as a mixture of lecithin and 
cerebrin. Whether this be the case or not, phosphorus again 

**Ominsee and Blankenhorn: Journal of Phyaiology, vol. II, 1879. 
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appears as the only element capable of being at all associated 
with the question in point. 

To adopt organic phosphorus as the characteristic con- 
stituent of the thymus gland, however, and declare that it is 
through its minus or plus production that the mental attributes 
of children arc deve^.oped, would merely constitute a theory. 
As a stronger position is desired for all the deductions vouch- 
safed in this work, collateral evidence must be sought. 

The observations of Cabot, that, while thyroid extract 
stimulates growth, it fails to enhance mental development in 
idiots other than myxeedematous ones, raises the question as 
to whether sucli results can be due to the absence of phos- 
phorus in the thyroid. If such is the case, the absence of this 
element should also show itself in the results obtained from 
the extract in some other disease, if any structure other than 
the brain and nervous system, in which a morbid deficiency 
of phosphorus also exists, is a feature of that disease. We 
know, for example, that phosphorus is introduced into the 
organism with food, and that calehim phosphate, by becoming 
deposited in the bones, gives them their hardness. Is there 
any evidence that the bones of subjects in which thyroid ex- 
tract is successfully administered lack of tliis hardening con- 
stituent? Kefcrring to the use of thyroid extract in cretinism, 
T. Telford-Smith*^’* makes the following statement: have 

found that during thyroid treatment the rapid growth of the 
skeleton leads to a softened condition of the bones, resulting 
in a yielding and bending of those which have to bear weight, 
and, as cretins under treatment become more active and in- 
clined to run about, this tendency to bending has to be guarded 
against.” After referring to the experiments of Hofmeister in 
rabbits and those of Eisenburg in sheep and goats in which 
bending of the legs was caused by removal of the thyroid, he 
adds: ^^While in rickets, however produced, there is perverted 
and delayed ossification resulting in softening and bending of 
the bones, under thyroid treatment in cretinism there is rapid 
resumption of growth in the skeleton, leading to softening, 
which is most marked in the long bones and at the epiphyses.” 
That we are dealing here with, an absence of phosphorus and 


WT. Telford-Smlth; Lancet, Oct. 2. 1897. 
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that the calcium phosphate serves to harden the bones con- 
currently with their growth seem obvious. 

But why does this not occur in all cases ? Simply through 
the fact, ascertained by Marie,®* that the thymus is alhiost 
always persistent in cases of cretinism. When thyroid gland 
is administered, therefore, the increased oxidation procured with 
the aid of the adrenals also enlianees thymic activity, and the 
assimilation of pliosj)horus is increased in proportion. This is 
proven by the experiments in animals by IJofmcister and 
Eisenburg, referred to by Telford-Smith. If removal of the 
thyroid caused bone-softening in these, it is because — in the 
liglit of my conception of the process — tlie adrenals were ren- 
dered inadecpiate, and, oxidation being impaired in proportion, 
the thymus also failed functionally. 

This process, however, involves the need, in the structures 
of the thymus gland, of a metabolic ])rocess culminating in the 
production of an internal secretion laden with phosphorus- 
containing bodies. (Quotations from a st\idy id the ntfclnm 
and nucleoiiroteids in their relation to internal s(*creiion l)y 
Chittenden®'* will serve to enlighten us: “The manufacture of 
the specific sul)stanccs which give character to the various 
internal secretions is obviousl}’^ a function either of sp(‘cial 
cells contained in the gland or it may be in some cases an 
inherent quality of all the cellular elenumts of a giveti gland. 
Jn the pancreas the formation of the active agent is af)parently 
limited to an interstitial, epithelium-like tissue occurring in 
isolated patches throughout the gland and especially charac- 
terized by its vascularity. This epithelioid tissue is certainly 
distinct from the secreting alveoli, and is suspected, at least, 
of being the source of the internal secretion. Again, in the 
adrenals, as Schafer and Oliver have sliown, the active 
principle, which has such a marked influence ^ipon the lujart 
and arteries, is contained only in the medulla of the gland, 
and not in the cortex, the medulla forming about one-fourth 
of the gland by weight/^ - . . "If we take the content of 

phosp^iorus as a measure of the proportion of nucleic acid 
contained in the various fonns of nucleoprotoids thus far 

** Marie: Bulletin et M6moirea de la Socldtd MMIcale des Hdpitaux de Paris, 
p. 136. 1893. 

* Chittenden: Boaton Med. and Sure. Journal. Aufust 20. 1896. 
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studied, we find exceedingly great variations in the amount 
of this acid present in the molecule : a fact which may be taken 
as evidence of the large number of molecular combinations 
present in the protoplasm of different cells. Thus, from the 
kidneys we obtain a nucleoproteid with only 0.37 per cent, of 
phosphorus, while, as representing the other extrema/^^ we have 
in the pancreas a nucleoproteid containing 4.71 per cent, of 
phosphorus and in the lymphoid cells of the thymus a correspond- 
ing body with SI) per cent, of phosphorus, . . . The very 

nature of tlie many bases which come from tlie cleavage of 
the nucleic acids outside the body ; the ready convertibility 
of these bases into other allied bodies by oxidation and reduc- 
tion; their own physiological action, wliich, tliough mild, is 
marked; the possibility — ^nay, the probability — that many 
other catabolic {products may be obtained from these nucleic 
acids, and, further, that still other nucleic acids at present 
undiscovered may exist in the ccll-protoplasm, all offer good 
reasons for believing that the nucleins and nuclcoprotcids, 
whicli arc the most prominent constituents of the protoplasm 
of all cells, are the most probable antecedents of the internal 
secretions.^^ 

There is evidently a sound foundation for the belief that 
phosphorus is the active constituent of the thymus gland. If 
thyroid extract failed to improve the mental condition of the 
ten cases collected by Cabot notwithstanding the increased 
growth witnessed, it is either because the thymic gland in all 
was structurally unable to respond to the increased oxidation 
which the stimulated adrenals induced or because no thymus 
gland was present. Tliat this gland is absent in the vast ma- 
jority of weak-minded, but not myxoedematous, children is 
shown by the researches of Boiirneville and Katz. That phos- 
phorus is the ^iiain specific constituent of brain- and nerve- 
substance is a recognized fact fully sustained by physiochem- 
ical data. That thyroid gland does not improve non-myx- 
mdematous idiocy or weak-mindedness in children owing to the 
absence of phosphorus in the organism is shown by the .corre- 
sponding effects it has on the skeleton of some cretins, as 
observed by Telford-Smith, the hones, by their softness, show- 

** All the italics are my own. 
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ing the absence of the hardening that calcium phospliate 
procures. Finally, that the adrenals, through the normal oxi- 
dation processes insured by them when adequately stimulated 
by the thyroid secretion, sustain the activity of the thymus up 
to its proper standard is shown l\y the experimenis of llof- 
meister and Eisenburg, in which removal of the thyroid of 
various — herbivorous — animals caused bending of the legs. 
The thyroid is thus able to stimulate tlie adrenals, and the 
adrenals in turn can stimulate the thymus. But does the 
thymus jfln/siologuaJly stimulate the adrenals? 

The fact that the thymus gland is but a tem]x)rary struc- 
ture, one calculated to atrophy when its functions as a building 
organ are acconiplislied, would seem to sugg(‘st that stimulation 
of the adr<*nals is imt one of these functions. If the de<luc- 
tions herein sui)Miitled are sound, it would appear to stand 
prominently as a bone-forming organ and general phosphorus- 
ar rnthrr niir/ein- purveying organ from the time of the (com- 
pletion of its lym])hadenoid elements during intra-uterine life 
until ihe final elaboration and growth of all tissu(cs, including 
the skeletal frame-work, — i.e,, around the ])eri()d of pulxcrty, — 
its ])owers gradually rccc'ding as ])erinanent organs are develoj>ed. 
This (conception of its purpose does not appcair to have suggest(.‘d 
itself to anyone so far, ])ut it is (piite in k(*eping with the 
(collateral ol)servations of a number of the best of modern 
end)ryologists. 

One of the sources of leucocytt^s, as is well known, is 
the l)one-marrow. In the process of bone-formation during 
f(etal life, the first ])oints of ossifi(‘ation apjiear during the 
second month, but it is only during the fourth that the dfivel- 
opment b(*corncs markedly active on all sides. That tlie most 
active work of the thymus is performed during intra-ulerini* 
life is generally recognized; this, therefore, (joincid<!s with its 
most active bone-forming period. It secerns reasonable to con- 
clude that 80 important a function as leuccKrytogenesis sliould 
not devolve upon structures undergoing formation, and also that 
the bone-forming organ should be intnisted with the function 
which ultimately would constitute the main active attribute 
of their product. Bone-marrow being the main leucoc-wte- 
forming structure, we should therefore expect the tliymus to 
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assume this role until the bone-marrow had reached its normal 
physiological development. 

Kolliker has always maintained that the formation of 
leucocytes was a function of the thymus: a position in which 
he has been sustained by Prenant and Oscar Schultze. J. 
Beard®^ took up the question and studied it with considerable 
care in the Raia hatis, the smooth skate. He ascertained that 
the absence of leucocytes in the earliest period of embryonic 
blood in vertebrates persists until the first ones are formed 
within the thymus epithelium and from its epithelial cells. In 
embryos from twenty-eight to forty-two millimeters long the 
formation and emigration of leucocytes from the thymus be- 
comes very active, and at this time there is no part of the 
embryo, including the blood, that is not infiltrated with leuco- 
cytes. This happens before lymphoid structures are developed 
elsewhere within the body of the smooth skate. Beard believes, 
with Kolliker, that the formation of leucocytes is a function of 
the thymus gland, and ^The first leucocytes arise in the thymus 
from its epithelial cells; thus it is the parent-source of all 
leucocytes of the body’^: a conclusion which is further sustained 
by what appears to me to be a warranted deduction: i.e., that 
the thymus is the main organ upon which the osseous, cerebro- 
spinal, and nervaus systems depend, and perhaps all other 
tissues, for their organic phosphorus during their development. 

We have also seen that leucocytes are included among the 
bodies that contain phosphorus. The identity of the thymus 
as a bone-forming organ is apparently contradicted by Svehla’s 
observation that foetal thymus proves inert experimentally ; 
but when we recall the fact that it only assumes its function 
the fourth month, that its inordinate activity may cause it to 
fix but little of the element itself, there is ample room for 
doubt as to the value of the experiments. If these facts do 
not prevail, all the data submitted, the recognized intra- 
uterine supremacy of the thymus over other glands, Chitten- 
den^s analysis, and several physiologically established facts 
would also have to be considered wrong. 

All tliis entails the conclusion that thymus might prove an 
exceedingly valuable therapeutic agent in properly selected 

Beard: Lancet, Jan. 21, 1899. 
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cases. In fact, it seems possible that, in the very cases treated 
with thyroid extract referred to by Cabot, the addition of 
thymus might have caused the improvement in tlie mental 
condition which thyroid alone failed to procure. The absence 
of the thymus in Bourneville’s cases supplies a firm foundation 
for this thought. Though some benefit has been obtained from 
sodium phosphate, it seems reasonable to believe that in jihys- 
iological combination, as it occurs in thymus, jihosphorus will 
prove far more efiicacious. Whether it enhances suprarenal 
activity through this element or, as does thvro’nl, througli a 
specific physiological body intended for this special jiurpose, 
matters little. It also stiiniilales tin* adrenals, and if we do 
not lose sight, of the fact tliat the cniirc rcrebrospihul ajia 
and the nervous system utilize phosphorus as an all-imj)ortant 
specific source of energy, and associate? with tliis the enhanci‘d 
oxidation which its stimulation of the adrenals procures, we 
cannot but realize that its intelligent use may insure results 
unattainable througli any other agenc3\ The benefit obtained 
by Owen in a case of paralysis agitans shows that these are not 
vain words, indeed, we must not overlook tlie fact that im- 
paired adrenal activity reduces the nutritional standard of 
all structures and that all cells fail to apjiropriate through 
the reduced metabolism involved their physiological c^in- 
stituents. While, therefore, paralysis agitans should not bo 
classed as a nervous disease, it is nevertheless true that the 
nervous system, if tlie adrenals underlie the wliole trouble, also 
suffers from impaired nutrition, and that phosphorus, its source 
of intrinsic energy, is as necessary to it as oxygen itself. The 
benefit obtained from the therapeutic me of thyrrius gland is 
mainly due to the phosphorus-laden nucleins it contains. 

A number of authors have suggested that thymus was able 
to compensate for the adrenals. In Boinet’s exjieriments in 
rats, for example, eleven out of fifty which had survived some 
time adrenalectomy showed hypertrophy of the thymus. Auld 
observed the same phenomenon in four cats, thougli he had 
removed but one adrenal in these animals. Pansini and Bone- 
nati, Wiese, Hedinger,** *** Hart,®® and others have also observe<l 

** Hedlnger: Verbaodl. d. deutseb. path. Oetellacb.. B. xl. S. 29, 1997. 

••Hart: Wien. kiln. Woebensehr., B. xxl. 8. 1119, 1908. 
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hypertrophy of the thymus in subjects who liad died of Addi- 
son^s disease, — a condition in which, as is well known, the 
functions of the adrenals are arrested by organic disease. But 
hypertrophy does not always indicate a compensative function, 
especially when any of the ductless glands are in question. 
Those so far reviewed, the thyroid and adrenals, are intimately 
concerned, we have seen, with the destruction of toxic wastes. 
It follows, therefore, that removal of either set of organs allows 
such wastes to accumulate in the blood, and, as is well known, to 
raise the blood-pressure. This in itself is sufficient to produce 
hypencmia and congestion of the thymus with enlargement 
similar to that witnessed in the adrenals under the influence of 
many poisons. The enlargement of the thymus should not, 
therefore, be regarded as compensative. 

What the evidence available does seem to warrant, however, 
is that the thymus sustains the functional activity of the adrenals 
by contributing what it contributes to all other organs, ue., the 
excess of phosphorus-laden nucleins required by the organism 
during its development, Le,, until puberty. But we must not 
oveidook the fact that what I mean by “organ^^ here includes its 
nervous system: the center and its efferent and afferent paths 
to the organ and its intrinsic nerve supply, vascular and 
glandular, to which phosphorus is, with the adrenoxidase cir- 
culating in the axis-cylinders, nerve-fibers, etc., as wdll be 
shown in the next chapter, a sine qua non of functional activity, 
as I have shown. It follows under these conditions that insuffi- 
ciency of the adrenals or of the thymus must produce morbid 
phenomena similar, thougli less marked in degree, to those of 
tlu» thyroparathyroid ap|)aratus and the adrenals, all concerned 
also directly, we h.ave seen, with nuclein metabolism and oxidation, 
/riie participation of the secreting organs of the adrenal 
system in the functional relationship with tlie thymus is well 
shown in a case of marasmus carefully studied by R. L. 
Thompson,^ in which ^‘in addition to changes in the thymus 
extreme atrophy was found in the thyroid, parathyroids, and 
medullary siiprarenals.^^ Having had the opimrtunity to examine 
the thymus in 20 cases of marasmus at St. Ann’s Asylum, in 
infants from l>irth to 1 year of agi\ he found in every case “a 

Thompson ; Anirr. .Tour. Med. Sci., Oct., 1907, 
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notable atrophy of the thymus gland.” So marked was the 
evidence in this and other eases referred to, sustained by con- 
tributory collateral data, that Thompson concludes that “all 
infants dying of marasmus exhibit marked atrophic clmnges in 
tlie thymus gland.” 

The important role I ascribe to the thymus, f.c., to supply 
phosphorus 411 organic combination to all tissue, accounts for the 
morbid influence of atrophic changes in the tliymiis upon the 
organism which the “marasmus-’ ])ortrays, in the liglit of the 
above facts, since, by causing atrophy of the thyroid, parathyroids, 
and adrenals, it inhibits the functions of the identical organs 
which, as I have sliown, combine to sustain oxidation, metabo/isni, 
and nnirition, ^J'hough unable to account for the manner in 
w)ii(*h it (‘xercised m })otent an influence on the body at large, 
Frie<l lichen, as long ago as 185S, stated that “the size and condi- 
tion of the thymus was an index to the state of nutrition of the 
hotly,” an observation confirmed, as stated by I’hornpson, by a 
number of investigators, among whom he mentions Metten- 
heimer,*'” Stokes, Huhrah, Kohrer,'**^ and Dudgeon,’ who all 
noted tluit “atrophy of the thymus gland in children and W'axting 
of the tissues go hand in hand, “Dudgeon stating, moreover, that 
atrophy of tlie thymus gland was “the most characteristic lesion 
found in cases of marasmus.” 

On tlie whole, the above evidence secmis to me. to suggest: — 

1. That the furu (ion of the thymus is to supply an excess 
of phosphorus in orrjanic compound as long as the development 
and growth of the body, particularly its cerebrosjtinal and 
osseous systems, demand it, 

2. That impairment of the functions of the thymus under- 
lies some of the disorders of nutrition which inhibit the develop- 
ment of the cerebrospinal, nervous, and osseous system during 
infancy, childhood, and early adolescence, 

S, That certain diseases of nutrition in children and ado^ 
lescenis, especially marasmus, rachitis, and trophic disorders of 
the brain and nervous system, are due, in pari, to imjHiirment of 
the functions of the thymus. 

Mettenhelmer: Jahrosb. f. Kfnderbellk., Bd. Ixvt 8. .'Ui. 1»7. 

Rohrpr: Amer. Jour Med. 8ci., vol. cxxifv, p. 847. 1»02. 

»<•» Dudgeon: Jour. Path, and Bact., vol. x, p. 173, 1905. 
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THE CIRCULATION OF ADRENOXIDASE IN THE 
NERVOUS SYSTEM. 

We have now seen tliat adrenoxidase — the oxidizing body of 
the blood derived originally from the adrenals — takes part in the 
functions of the many organs reviewed, in so far as their supply 
of oxygen is concerned. Tliat this applies to all «>rgans there 
can be no doubt. Of the whole series, however, one, the nervous 
system, including the cerel)ro--spinal system and all ganglia and 
nerves, is the most comjdicated l)y far. It must, therefore, re- 
ceive due attention to ascertain wdietlicr it also depends for its 
oxygen u])on the adrenals. We shall see under the next heading 
that such is the case, and, moreover, that the large proportion 
of phosphorus whi<di many of its components: the white sub- 
stance of Schwann, the lecithin, etc., contain, brings it essen- 
tially within the reach of tlie thyropara thyroid secretion, i.e,, the 
tliyroiodase. The adrenoxidase and the thyroiodase constituting 
tlie two active agents of the adrenal system, we shall be able, 
moreover, to realize why the nervous system is so manifestly 
involved in the diseases of the ductless glands. 

Again, I would call attention to the fact that, while Harvey 
revealed to us tlie circulation of the blood in practically all 
organs, the one exception in his epoch-making discovery was the 
nervous system, and for obvious reasons: Its histology, the 
identity of the nerve-cell, and staining methods capable of 
bringing it to view were unknown in his time. The explanation 
of the circulation in the nervous system (apart, of course, from 
its known nutrient vessels, which are, in reality, external to the 
nerve cells per se) submitted in the next chapter, an amplifica- 
tion of that published in 1903 in the present work, is, I believe, 
the first effort of tJie kind in which histo-cheniical data — and not 
mere assumptions — are the basis of analysis. The adrenoxidase, 
or oxidizing substance, is shown to circulate in the neuraxons, or 
axis-cylinders of nerves. If the reader will ask himself: How 
does the neurotoxin of tetanus, shown by Marie and Morax, 
Meyer and Hansom, and others to ascend in the axis-cylinders of 
nerves, perfonn this feat? he will conclude that circulation 
in these elements, as I interpret it, alone accounts for the 
phenomenon. 
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TMK IDKNTITV uK 'I’llK L(»\VKK lUJAlX. 

Ix the (•liiif)h‘rs, I that certain ('(‘iiliTs 

in tlic medulla oldoniiata were |>rol)a])ly but sul>sidiarv t‘entt‘rs 
wliieh reeeiv(‘d luuvuus iiujuilses rrum i]u‘ ])iluitarv body by 

way of tlic tnlu'i* eineremn and <ilber basal st ruetiir<‘s. I 
beld, ]non‘()vei\ that “inhibit ion** as obtained by jdiysiolo^ists 
rej)!'esent(‘d a jiatliolo^ieal pbenomtaion in that it was caused 
by e.\e(*ssive eon>t i*i( t ion of tlie cardiac artr*rioles provoked by 
vaso(‘onslrictors contained in the nerve stimulate*!, lb(‘ va^us. 

As is well known, it was t!u^ work of lb(‘ ln'otliers 
Weber (ISIo) wliieb lirst. sue^(‘sted that lli(‘ beai‘t could 
lie “iidiibili**!'" Iiy slimulation of a definite re^j^ion in Ibe me- 
ilulla, ^1'lii‘ir exjieriments di1V<*red from Ibos*' W(? bav(» nv 

viewed in that tlu‘ tissues of the base of the lirain wm’e tra- 

vers<’d liy llu* current, thus exciting structures in wliieh we 

have seen symjiathetic and other nerves pass fi-oin the pituitary 
to th(? bull). One pole havin;^ been placinl in tiu; nasal cavity 
of a fro^^ and the other on the spinal cord ov(‘r tin* fourth or 
fifth vertebra, the lu'artV action momentarily ceased, tla*n 
^M-adually resumed its normal activity. Aj)proximaiion of the 
poh*s uj)on the cerebral liemispheres and stimulation of tiuf coni 
])roduced no elfect upon tlie lieart. ‘‘Xot until the medulla 
oiiioujiata betwetm the corpora quadri^emina and the lower end 
of the calamys scriptorius was stimulated,” says William ''lb Por- 
t* r, “did the arrest take place. Cuttin^^ away the spinal cord and 
the remainder of tlie brain did not alter the residt.” ^Jdu* level 
of fibers from structures below the brain is also su<r^msted by 
the elf(»(*ts of expcriiiient^il iiijiirv of tlie hulliar area which 
lAourens termed /c nmul viiai, 
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Galen had already noticed that death ensued when a cer- 
tain spot in the floor of the fourth ventricle close to that 
which is now known as the center of tlie vagus was injured. 
But Ijegallois and Flourens have added much to our knowl- 
edge of its physiological relations, and the spot in question, 
as we have seen, is still considered as the respiratory center. 
^The results of various investigations -show, however,^’ says 
Keichert,^ “that Flourens’s area, as well as certain other parts 
of the medulla oblongata that have been looked upon by others 
as being respiratory centers, are not such, but are largely or 
wholly collections of nerve-fibers which arise chiefly in the 
roots of tlie vagal, spinal accessory, glosso-pharyngeal, and 
trigeminal lUirvtis, and which, therefore, are probably nerve- 
paths to and from the respiratory center. Moreover, excita- 
tion of the ^nmud vitaV does not excite respiratory movements, 
but simply increases the tonicity of the diaphragm; nor is the 
destruction of the area always followed by a cessation of res- 
])iration. While the precise location of the center is still in 
doubt, there is abundant evidence to justify the belief in its 
existence in the lower portion of the spinal bulb.^^ That we 
are again dealing with the aggregate of centers to which the 
]>ituitary body ])rojects its fibers suggests itself. Plourene 
located his “vital knot” in an area five millimeters wide he- 
tween the nuclei of the vagus and spinal accessory nerves — 
again in the lower end of the calamus scriptoi’ius : i.e., a region 
comprised in the area to whi(*h the Weber brothers applied 
one electrode, the other being in the nose, when cardiac arrest 
or inhibition was first observed by them. 

An interesting relationship seems to me to exist between 
these two sets of experimental results. Indeed, the area to 
which tlie pituitary body sends its fibers thus becomes the 
source of antagonistic effects involving the same structures: 
the Weber brothers caused arrest of the heart by causing undue 
constriction of its coronaries and ischa'inia of the myocardium, 
in the manner previously described, while the lesion produced 
by Flourens in the same area, when sufficiently severe, blocked 
the flow of impulses to and from tlie heart. Flourens's ncettd 
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vital, tliereforo, is no more llie respiratory center than the area 
traversed by the current can be called an '‘inhihitory" area. 
We are simply dealing with the results of two morbid factors: 
overstimulation (Weber) and interruption (Flourens) of 
physiological — and therefore functional — impulses transmitted 
through the medulla and llie (*ord. 

In the fifth chapter reference was made to the fact that 
the posterior j)ituitary lobe alone, as shown by Howell^ con- 
tained an active ])rinciple. This lohe, the ^infundibular," has 
long been termed tlie “neurar' ])ortion of the whole organ, 
and appears to me to present anatomical features that furtlu'r 
suggest a dirc(*t connection between it and the eerehro-spinal 
centers. Hence the use of the wf)rds “physiological impulses 
transmitted through the medulla ami th(‘ cord." idle (piestion 
b(‘(‘omes all the more worthy of a searching impiiry, inasmuch 
as a casual examination of the mutual r(‘lations, anatom it*al 
and physiological, of the cerebral structures traversed by the 
current in the <*xj)eriinent of tin* Weber brothers suf!iet\s to 
show that the el(*mcnts thus submitted to (*xeessive stimulation 
coincide with those which would normally fall under the in- 
fluence of the posterior ])ituitary body. 

The physiological chara<*teristics of the jiarts iniluenccal 
by the current Jiiust first l)e asc(‘rtained. In tlu^ frog, the. <lis- 
tance betw(‘en the nose, and the medulla being very short, a 
current would im|)licate all elements in its direct path, con- 
sidering the character of the structures traversed. In this 
animal, the lizard, etc., the nasal nervous terminals, the tissues 
about the floor of the median ventricle and the Iiabcnula, 
appear to me as the paths that would be involved. In man the 
distance between the olfactory area or the nasal subdivisions 
of the fifth pair and the medulla is also relatively limited, and 
the intervening structures arc of such a nature as to also allow 
the current to pass uninterruptedly in a straiglit path. But the 
floor of the median or third ventricle, which in its anUudor 
portion overlies the base of the skull and is very tliin, becomes 
what appears to be the inevitable path of free conduction, owing 
to this proximity of the olfactory bulb and the trigeminal nasal 
terminals to the m(*dullarv cemters. Of s^K^dal int>(»rest here, 
however, is the fact tliat in man (and to a great extent in the 
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I'roir) the first structure reached by the current after the nasal 
siructures would he the infmidihiilar portion of the third ven- 
tricle: i.e,, tlmt connected witli tlio jiosterior pituitary lobe. 
Again, and very suggestive, is the fact that these structures and 
all those falling in tlie line of the current form jiart of what 
Professor Poster terms “in point of origin the oldest part of 
the brain’’ and “tlie central gray matter” which “seems to 
serve cliiefly as a bed for the developiTumt of the nuclei of 
the cranial nerves.” indeed, we might repeat that, as stated 
hy i\*eich(!i‘t,“ “one center has heen located in the rabliit in the 
tuher (‘inereutn, which has Ihh'U named a polYjiiueic center 
because*, when excited, the respirations are rendered extremely 
fre(|uent.” . . . “Another area lias beeai locattMl in the ojitie* 

thalamus, in the floor of the third ventricle; this center,” 
says th(‘ author, “is lielieved to be oxcit(*d liv im])ulses carried 
l)y the nerves of sight and hearing, and wlien irritated causes 
an a(*(*eleration of the rcsjiiratorv rate.” 

Tlie more dorsal ])ortion of the current would strike a 
no less important i)liysi()logi('al region. “Xext to the central 
gray matter,” says Professor Poster, “and more or less asso- 
ciated with it, comes wliat is called the tegmental region, of 
which the reticular formation (*oniing into prominence in the 
bulb and continued on to the siihthalaniic region forms, as it 
were, the core. Itelonging to tlu* tegmental system are nu- 
merous masses of gray matter from the consj)i(*uous optic 
thalamus and (he red nucleus in front to tlie s(‘veral nuclei of 
the bulb behind. 44iis complex tegmental system, which may, 
]>erhaps, lx* regard(‘(l as a more or less continuous column of 
gray matter, eomparabh* to the gray matter of the spinal cord, 
serves as a sort of barlboue to ike re,st of the central nervous 
system/* 

'^riie morbid clfects of the current become normal conse- 
quences when we consider that the structures traversed by it 
include those that even emotions will disturb. Keferring to 
the |H)sterior portion of the pons, that adjoining the tissues 
that form the fourth ventricle and which represents the down- 
ward continuation of the tegmentum. Professor Duval says: 
“It is, indeed, to the jions tliat we stviu to be authorized to 
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attribute tlie most iiiiporiant role in tlie greater emotional 
expressions, lau^Iiiii^ ami weeping, cries of jtain : in a wovd^ 
involuntary niauifestations." Tb.at Ibe struetures sueli as 
those penetrated l)y tlie current should lie suddenly jarred and 
forcibly thrown into viiiratory condilions iMitirely rorei;xn to 
their normal vibratory rhythm is manirest. That such jarrin^ir, 
(sjiecially wlieii the current follows axially a direction ojiposite 
to that of a [)hysioh)^ical stream of impulses, should so per^ 
vert its normal innueiict* upon thi^ or*;ans to whiiti llu'sc im- 
pulses are normally <listribul<'(I - heart, lun^ir^^, siomaeh, etc*.- 

as to tem])orarily or jM*rmanenlly ariH*si I heir fumtions is not 
only lo;:ieal, but in a(*conl wiih the known effects of eh'etrieity 
u])on the mon* hitrhly deve](»ped stria tur(‘s. 

And W(‘ can als«) doubt le-s beftm* undi*rstand wby resjiira- 
tion still continues very much as usual aftm* removal of tla* 
brain above tlie medulla, and why, in(h‘(‘d, all nervouvt mani- 
festations other than i<h‘ation <‘an pi'rsist aftm* such mulilatir)n. 
While there is no rihil,*' or piii'^lirai of lifi*, in tlu* serase 

^iven these words by Flourens,-- ».e., in thi‘ spot of (he medulla 
wher(‘ injury arn'sis ns|)iration,— and tlu* area so injured is 
not “the myst(*rious seat of the unknown priiu'iple of lile," 
there is, nevertheless, in this location, not a. hu'us minus 
resistcvdiv, but an a^^re^ation of nervous jiaths from all di- 
rections, which an injury can functionally impair or destroy, 
accordiu'r to tin* (plant ity of tissue involved and tla* kind of 
l(\sioii produced. Floureiis doubtli*ss caused death; but in 
l<K>kin^ for death in his (*xperimental animals he doubtless did 
not treat the *'iuvud vitaT* with the ^enllem*ss of a dove. 
l>(*ath (!Iisu(m 1 — till? result of conditions similar to those pro- 
duced l»y the Weber brotliers with electricity in tlie s(?ns(? that 
molecular disturbance was produced. Yet the Web(*r brotli(*rs 
only jarred the naso-bulbar structures, and produced temporary 
inhibition of cardiac action; being more diffuse, the? current 
spread over greater bulbar surface and did less injury. Flou- 
rens’s puncture, on the c-ontrary, produced an organic lesion, 
eapahle not only of destroying the tissues involved, hut also of 
annulling, by the circumferential compression of tin? neiglihor- 
ing elements caused, tlio functions over which the latter preside. 
Even the process of repair, w'hich at once begins under such 
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conditions, inay lead to a fatal issue, the infiltration throttling, 
as it were, tlie })aths to and from organs through which life is 
sustained. When we consider the small relative size of the 
fourth ventricle, and the fact that the so-called ^^vital knot'^ 
is located in an area wliich may he computed only by a few 
millimeters; wlnai we furthermore recognize that such an 
injury would thus im^lude, the vagal, spinal accessory, glosso- 
jiharyngcal, and hypoglossal within its radius of morbid in- 
fluence, death as an injury to the sj>ol becomes a normal con- 
seijuence. Mdi(j heart and the entire respiratory system — to 
refer only to tliose directly concerned with life’s processes — 
are the metdianisms first functionally arrested. 

* And yet while obstruction of these few square millimeters 
of bulbar elements will rapidly destroy life, it is possible, says 
IVrofessor Foster, in the case of some animals ^‘to remove the 
cerebral hemis])heres and to keep the animal not only alive, 
but hi fjood hrolfk for a long time — days, weeks, or even months 
after the operation!” 

Tlnu’e must prevail in this connection, however, another 
contra<!ictory interpretation of experimental phenomena. In- 
deed, how can we I'cconcile the j)resen(‘e of motor centers in 
the cerebral cortex with the ability of an animal from whicli 
both hemispheri^s have \mm removed to execute the motions 
ascribed to these areas? That an animal de])rivcd of its 
hemispheres will do this is graphically shown in the following 
lines of Ih-o lessor Foster’s: “We may, perhaps, broadly de- 
scribe the behavior of a frog from which the cerebral hemi- 
splu'res only have been removed by saying that such an animal, 
though exhibiting no s|)outaneous movements, can by the ap- 
plication of appropriate stimuli be induced to perform all, or 
nearly all, the movements which an entire frog is .capable of 
executing. It can be made to swim, to leap, and to crawl. 
Ijcft to itself, it assumes what may be called the natural 
posture of a frog, with the forolimbs erect, and the hindlimbs 
flexed, so that the line of the body makes an angle with the 
surface on which it is resting. Wlien placed on its back, it 
immediately regains its natural posture. When placed on a 
board, it does not fall from the board when the latter is 
tilted up so as to displace the animars center of gravity; it 
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crawls up the hoard until it gains a new position in which its 
center of gravity is restored to its proper place. Its rnovcincnts 
are exactly those of an entire frog excejit that they need an 
external stimulus to call tliem forth.'’ It is quite clear that 
all motor ])henonuiui are carried out, notwithstanding the ab- 
sence of parts of the brain which have been uiuleniably shown 
by experiments in animals, pathological conditions of the 
human hemispheres, etc., capable of inciting them. The 
familiar convulsive movements in various parts of the body 
trunk, Ic^g, arm, etc., wlum certain motor areas are stimulated 
would mean nothing to us if the use of electricity for this ])ur- 
pose were the basis of tliis doctrine, hut in th(»se areas 

liave umpiestionahly proven that tliev do preside over motor 
functions, not only in a general way. hut in the seirse implied 
by “(‘crehral localization." How account for the self-Kwident 
discrepancy which the entire absence of th(‘se struclures indi- 
cates in fu’csent conceptions of the ])rocesses involv(Ml? 

We are hrouglit nearer to a solution when the removal of 
cerebral tissues-- those* to which 1 have referred as jarred 
liv the electrii* current pass(‘d by tlie Weber brothers l>c*twe<*n 
the nose and the hull) — is continiUMl downward until the cord 
only is left. ‘‘V(*ry marked is the contrast," says Ih'ofessor 
Foster, “hetween the l>ehavior of sucli a frog whiidi, thougli 
deprived of its cer(»l)ral hemispheres, still retains tlio other 
parts of the l>rain, and tliat of a frog wliich possesses a spinal 
(!ord only. I'he latter when plac’cd on its back makes no at- 
tempt to regain its normal jiosturc; in fact, it may bo said 
to have completely lost its normal f)osture, for even wlien 
placed on its belly it does not stand with its forefeet erect, as 
does the other animal, but lies flat on the ground. When 
thrown into water, instead of swimming it sinks like a lump 
of lead. . . . When a board on which it is j)laced is in- 

clined sufficiently to displace its center of gravity it makes 
no effort to regain its balance, but falls off the board like a 
lifeless mass." Such a frog moves its limbs irregularly, but 
one has but to witness such motions to at once conclude that 
they are aimless, mere random expressions of the inherent 
power to contract possessed by all muscular tissues, and w^hich 
even persist some time after death, especially in the case of 
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the heart-muscle. Very marked is the contrast, indeed, be- 
tween this animal and one still endowed with the tissues of 
the base of the brain. ‘MMgeons, for instance, liave been kept 
alive for five or six weeks,” says the same author, “after com- 
plete removal of the cerebral hemisphere with the exception 
of portions of the crura and corpora striata immediately sur- 
rounding the optic thalaini.” . . . “In warm-blooded ani- 

mals, as in tlie more lowly cold-blooded frog, the parts of tlie 
brain below or behind the cerebral hemispheres constitute a 
nervous machinery by which all the bodily movements arc car- 
ried out.”^ 

That tliis mechanism is located below the hemispheres in 
man has also b(?en illustrated by many cases re))orted, among 
which may he cited the famous crow-bar case, in which, “by 
a premature explosion of gunjiowder, an iron bar three and 
a half f(‘et long, one and a (|uarter inches in diameter, and 
weighing thirteen and a. quarter pounds, was sliot completely 
through a rnairs head, and perforated his lirain. This man 
walked up a flight of stairs after the accident, and gave his 
account of how it happened. Although his life was naturally 
despaired of for some time, he developed no paralysis ; nor did 
marked impainnent of bis intellectual faeultii^s follow conva- 
lescence. Eventually he recovered his liealth. Twelve years 
elapsed before his death, during wdiich lime he was a laborer 
on a farm.”^ This ])ointedly suggests that while the cerebral 
hemispheres from th(» lowdy frog to the highest mammal can 
only awaken motion through volition, t.e., voluntary movements, 
the base of the brain — the pitnilary body as ire will see — can 
aidoniatically govern motion through the iniermediary of spinal 
gray matter, 

A remark which in this connection is of particular inter- 
est to us is that of Professor Duval, when, referring to the 
meaning of bulbar functions, according to modem conceptions, 
he says: “For the physiologist, the medulla extends above the 
limits of the vertebral column into the cranium and about up 
to the sella turcica. '■ I would say into the sella turcica, for 
it seems clear to me that the posterior pituitary lobe presents 

» The italics are my own. 

*A. B. Uauucy: '‘Lectures on Nervous Diseases.'* 
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the funcMonnl characteristic that would fulfill (he requirements 
of the complementaJ. processes that the functions of the hemi- 
spheres demand. 

The annexed colored plate, which represents a median and 
vertical section of the encephalon and hull) of a tliree months' 
embryo, distinctly indicates the direct continuation of the cord 
lip to the . posterior or infundibular pituitarv lobe. The trait 
connected with the jiosterior pituitary is colored bluish gray. 
The i)ituitary has been added to the inrundihuhir extremity 
of the original illustration. The relations of the structures 
ivhieh ultimately become the corpora quadrigemina by meeting 
the posterior jiart of the third ventrick' are well shown. 

That my views in this connection are bas(*d on a solid 
foundation is further sustained, by thi' painstaking investiga- 
tions of Andriozen/* wlio traced a ilireet eonneetimi hetwciui 
the pituitary and the medullary and other more anterior strue- 
tures llirongh the various pliylogenetic stages of vertebrates. 
Tlie following statemi’iits and tlie table appended are (pioted 
from his paper: “A survey and investigation based on all 
classes of vertebrates sliow that llii' hyj)p|)hysis oiriipies the 
position and relationship to tlie otlar structures which may 
he condensed in the following table: — 


“Relation ok PiTriTARY t<» Other Nerve ci 
JIeAI) STRl cniRES IN ORDER FROM f^KKORE 

:niers and 

Rack/’ 

\ ervc'cerxicr. 

Olfactory center. 

Posterior lobe of 
pituitary. 

j The bnliM>-spiiiaI 

i centers, 

i 

S'crvrs. 

Olfactory nerves. 

ny|M»pliyHcal 

nerves. 

1 niillHj-spiiia] 

j nerves. 

i . 

Distribution, 

Kpitlieliuin of na- 
sal sac. 

i 

I Pituitary ^liict 

1 gland (anterior 
lobe ) . 

lliiccal, etc., and 
gvuieral Miibcii- 
taneoiis. 

Bodf/-region, 

Pre-oral (prosto- 
znial ) . 

Oral. 

Post-oral (bran- 
chial, etc.) and 
general body.*’ 


^Andrlczen: Dritisli Medical Journal, Jan. 13, 1894. 
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Of course, this applies to both pituitary bodies, but I 
luive sliown that the anterior lobe could originate motor im- 
pulses in the partition separating it from the posterior lobe, 
and transmit them via the latter, the basal tissues, the bulb, 
the cord, the sympathetic chain and finally the splanchnic 
nerve to the adrenals. That the investigations of Andriezen, 
though sustained hy the previously recorded results of removal 
of the pituitary by Vassale and Sacchi,®“ should have borne but 
little fruit, so far, is probably accounted for by his statement 
that ‘^variations in weight bring it under the Darwinian law 
of panmixia; if so, the indication being, what study of lower 
vertebrates shows, narnel}': that it has prol)al)ly passed the 
acme of its activity and in man is functioning less vigorously.” 

1 must express the l)elief, however, that, when man is 
in question, cessaiion of natural selection may not always mean 
lhat an organ has become useless, but instead that it has 
reached the a(ane of perfection. Loss of functional vigor may 
denote, in this connection, what it denotes in the human hand 
as compared to that of the gorilla: i,e,, gain in functional 
precision and delica^. 

In the embryo, the jiostcrior pituitary body opens directly 
into the third ventricle through the infundil)u!um. If during 
uterine existence “the whole life-achievement of myriads of 
generations of living things” is represented, tlie phylogenetic 
history of this organ should show traces of its ultimate func- 
tions. Andriezen found that in the amphioxus its analogue 
is represented by “a subncural glandular organ, a duct lined 
by ciliated epithelium whi(‘h affords a communication between 
the buciial and neural cavities, and a group of nerve-cells 
around and at the back of the upper opening where the duct 
wideps into the ventricular cavity.” We have here the main 
primitive structures of the pituitary in man. 

Referring to Andriezen^s investigations, Berkley® says : 
'Tie has farther shown that particles of carmine, suspended 
in tlie water surrounding the animals, will be taken up with 
the water passing through the infundihular duct and carried 
by ciliary action into the ventricle, and thence into the central 

Vnssalo and Sacchi : Rev. Sper. dl Fren., p. 83, 1894, 

•Berkley: Brain, Winter, 1894. 
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canal of the cord; finally the particles of carmine may he traciMl 
right up to the free end of the canal^ where the spinal cord opi'ns 
into the exterior hy the blastopore; therefore it is made mani- 
fest that tlie infundibular duct carries a stream of owgiai-hear- 
ing water for the nutrition of the tissues and the carrying olT of 
their effete products.'- Alluding to jKTsonal studies to which I 
will presently refer, Berkley then adds: 'Mt is tpiite curious to 
find essentially the same structures preserved in as high a ver- 
tebrate as the dog, and descending to so low a zooIogi(*al order as 
amphioxus, though, as Muller remarks, the jutuitarv is ])ra(*ii- 
cally the same from myxtnc to mao" V(‘t in man tlu^ infun- 
dibular orifice is closed, and the |H)st(*rior ])ituitarv, during its 
evolution, must, therefore, have assunieil some function other 
than that possessed by the organ during the earlier phases of its 
career and of which the earlier forms should also show trac(*s. 

We have seen that oxygenation of th(‘ blood, iUo. highest 
development of the function carried out l)y the water-vaseu- 
lar system in the ainphioxus, belongs to th(‘ domain of the 
anterior pituitary. The remaining inferenci! ajl’ord(‘d by tin* 
phylogenetic history of the organ, therefon*, is, in my opinion, 
that the group of nerve cells around and behind the upper open- 
ing which in Arnphioxus and Amocaies forms Hut Ihrestiold of 
the oxygen^b earing tvater system is the prospeclive adrenal 
center in the human pituitary, which centm-, we have setm, is 
also concerned with oxygenation. 

I must state that I consider this perfect concmdance 
between the functions of the anterior and posterior pitnitari(*s 
as I have conceivcnl them and tfK).se found throughout tin* 
entire evolutional scale of zoological forms as far back as tlu^ 
arnphioxus by Andriczen as very strong evidence that my views 
are sound. 

HISTOLOGY OP THE POSTERIOR PITUITARY BODY. 

What is the physiological relationship betweim the two 
lobes? Dejerine**^ states that vertical and horizontal wictions 
of both organs show that they are absolutely distinct and sepa- 


^ I>Sjerlne: **Anatomle des Centre# Nenreux.” vol. 1 . ia>6. 
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rated by a fibroua lamina; and, furthermore, that “the poste> 
rior lobe alone is connected with the infundibulum.” . . . 
“It is developed from the brain” and “is a dependence of the 
middle ventricle.” The anterior lobe is only connected with 
the cerebral structures through vessels which, according to 
Berkley,* “directly pass into it from the substance of the in- 
fundibulum.” The blood-supply of the .posterior lobe is also 
derived from the same source, but it is less rich, though suffi- 
ciently so to satisfy the needs of an active function. Indeed, 
the organs differ mainly in the character and wealth of their 
nerve-supply — much to the advantage of the posterior lobe, 
however. The development of the anterior lobe from the 
ectoderm of the primary oral cavih', instead of, as in the case 
of the posterior lobe, from the embryonic brain, accounts for 
what anatomical dissimilarities prevail. 

The histological characteristics of the posterior lobe also 
suggest that it is the seat of some nervous function of a high 
order. This is well illustrated by the exhaustive study by 
H. J. Berkley* after an examination of some two thousand five 
hundred slides. A summary of such a work hardly does it 
justice; I must therefore refer the reader to the original 
paper for details other than those that I will presently submit. 

The outer layer of the organ was found by Luschka and 
Miiller to be composed of gray matter similar to that found 
over the infundibulum. Berkley refers to this layer as com- 
posed of slightly irregular ependymal cells three or four deep, 
through which rather thick ball-tipped filaments penetrate to 
the second anatomical subdivision of the lobe. This outer 
coating of cells does, not extend around the entire lobe, how- 
ever, but covers only its free, or posterior, surface. Its ante- 
rior portion, that nearest the partition between the tiro lobes, 
has no such covering, so that its elements appear to in con- 
tact with the partition itself or to be only s^rated from it 
by its capsule. The second subdivision of the posterior organ 
occupies, judging from Berkley's drawings, about one-third of 
its maB(^ and recalls, as to structure, that ot tiiO antmor lobe. ^ 


> Berkley: Brain, Winter, IBM. 
•/Wd. 
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Again do we find the closed glands, or alveoli, including tlie 
colloid substance. Again are the glandular elcincnhs supported 
by connective-tissue trabeculae perineated with capillaries, 
though the caliber of the larger vessels is somewhat smaller. 
Yet — a feature which seems to me important— the colloid 
alveoli are always most numerous near tlie outer edge of the 
ependymal cells, that portion farthest away from the inbn*- 
lobular partition, 'while the space betw(.*en these struct nr(*s and 
the partition is occupied by cellular elements of an entirely 
different kind. 

The third portion may be said to occu})y nearly two-thirds 
of the entire lobe: a perfect maze of nervous ehammts, some 
of which have not so far been found elsewhere in the organism. 
Yet connective-tissue partitions carrying hlood-vi'sst'ls ju’e dis- 
cernible throughout this entire area: a feature whieli suggests 
that an orderly subdivision exists. Its nervous (deanemts vary 
greatly in form, but they may be divided into three* gem*ral 
classes: 1. Cells that give off protoplasmic ext(‘nsions, neu- 
raxons, etc., that are not sufficiently long to reach the u])p(‘r, 
anterior region of the lobe: i.e., the infundibular region. 2. 
(Ydls the extensions of whicli reach tliis region, .’h (\dls that 
are found mainly or only in this portion of the organ. 

The first class includes flask-like cells with knot-tippe<l 
fibers that recall those of the anterior lobe (Fig. A, Plate 1, 
and Fig. a, Plate II). These bodies are widely distributed, 
but their multitude of ramifications end freely among neigh- 
boring structures. Similar, though smaller, cells (Fig. B, Plate 
I, and Fig. b, Plate II) are found chiefly in the center, and 
have processes that extend upward a considerable distance and 
there often terminate in a brush-like figure. In this class may 
be included peculiar oval bodies (Fig. C, I’late I, and Fig. c, 
Plate II), mainly found in the ceiiter of the organ, that recall 
closed follicles. They give off axis-cylinders that coil about 
them irregularly, and fibers which terminate either in irreg- 
ular figures resembling combs with knob-tipped teeth or in 
cat-oVnine^tail-Uke tufts. Neuroglia cells, especially those of 
the mossy kind, are shown in Fig. d, Plate II, while spider- 
cells (Kg. A Plate 1, and Pig. e, Plate II) are mainly found 
where the veryi.]iumerouB : ue., the anterior third 
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of the lobe. The spider-cells, however, which only differ from 
those found in the cerebral tissues by their larger size in pro- 
portion to the length of their tentacles, outnumber the other 
cells as the upper infundibular region of the lobe is reached. 

The cells included in the second ' class are all, as stated, 
distinguished by one or more protoplasmic extensions, which 
insinuate themselves between all the elements intervening be- 
tween their starting-point and the infundibular area referred 
to, where they break up into ligures. The lowermost of 
these, the ganglion-cells shown in Fig. F, Plate I, and Fig. f, 
Plate II, exemplify this type very well, since their extensions 
traverse the entire organ in an upward direction and end in 
the upper infundibular area. Higher up in the organ large 
pyramidal and oval cells are found (Fig. 0, Plate I; Pig. g, 
Plate II, and g, Plate 111), the terminal subdivisions of which 
break up into exceedingly fine feathery filaments. The only 
axis-cylinder of this cell, after distributing a few branches to 
iieigliboring elements, continues upward and subdivides, when 
near tlie upper margin of the infundibular region, into a com- 
plex net-work which entwines the alveoli found there. A third 
type, characterized by short dendrites and many hair-like 
processes (Fig. II, Plate I, and Fig. li, Plate III), is foxmd 
throughout the entire neiTOUS area and also gives off one long 
dendrite, which extends a long distance upward and forward; 
tliis extension may possibly reach the infundibular region or 
its neighborhood. Coming from every direction, these long 
dendrites seem, at any rate, to point all toward this one region. 
The otlier dendrites are short and distinguished by the pres- 
ence of more or less numerous hairy processes, while some of 
the terminal ramifications are ball-tipped — suggesting a pos- 
sible identity as collectors of energy, which, transformed in the 
body of the cell, are directed upward by the long dendrites. 

In the infundibular region of the lobe— t.a., ihe cellular 
elements of the third class — tlie final ramifications of the long 
dendrites form an extremely complex aggregation of itifted 
figures, wavy threads, and feathery protoplasmic ramifioatipna. 
In the midst of this maze of nervous elements certain cells ^ ; 
to be found, the like of which Berkley has not been able to 
detect in any part of the central or peripheral nervow ^ 
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Th^ are small and round, and give off strong dendrites, which 
appear knotted or covered with thorns, giving them a ‘‘prickly 
appearance’^ (Pig. J, Plate I, and Pig. j, Plate 111). Anotlier 
variety found in abundance in this region is a small cell witli 
a rich, apical tuft of fine, wavy processes. They are also dis- 
tributed in the midst of a net-work of varicose nerve-fibers 
(Pig. K, Plate I, and Pig. k, Plate 111) in tlie upper and near 
the anterior border of the lobe “along the space formerly occu- 
pied by the infundibular duct.” As already stated, the spider- 
cell is to be found in great abundance in this locality, which, 
added to the other two varieties of cell, gives us three main 
cellular elements as representatives of the class of cells fouml 
mainly or only in the upper infundibular region of the organ. 

As already stated, I do not regard it as a secreting stnu;- 
ture. The view that it produces an internal secretion is merely 
assumed. Howell found that, while an extract of the anterior 
lobe produced no effect, an extract of the posterior lobe caustHl 
a rise of the blood-pressure. Since tlien, also, considerable use 
of such extracts has been made in therapeutics. But the facits 
that these effects correspond admittedly with those of adrenal 
extract, that they give the adrenal reaction, and that the presence 
in the organ of chromaffin cells has been established suggest 
that we are not dealing with a secretion. In fact, in practically 
all animals, excepting the cat and dog, there is no connection 
with the third ventricle above. 

On the other hand, there is, we have seen, good ground for 
the belief that, as I pointed out in 1903, the posterior lobe is 
a general nerve-center, and that, through its nervous connection 
with the adrenals, it governs, besides, general oxygenation. That 
this view is gaining ground is shown by the recent statement of 
Lewin, of Berlin,*® that '‘the majority hold that the hypophysis 
is a ductleds gland that has an influence over the nervous system 
OF has something to do with the red blood-corpuscles.” 

And, ye^ what 18 the connecting structure betwera the 
posterior pitnitary body and the parts to which, under such 
condificm^^ Its would be supplied? Berkley believes — 

ei^iieoi^^ have seen — ^that none of the nervous elements 

^ amreli, JMimal Am. MeC Ampoe., jitfr 10. 
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of the infundibular lobe itself pass beyond its limits into the 
infundibulum. His histological work shows that, while ^^all 
the axis-cylinder processes and tlie long dendrites have a gen- 
eral tendency upward and forward, both dendrites and neu- 
raxons branching as they proceed onward, all traces of the 
dendrites of the inferior and median cells of the lobe are lost 
some little distance below the superior edgc,^^ After an allu- 
sion to the vessels and fibrillated tissues that connect the in- 
fundibulum with tlie }X)stcrior lobe, he says: ^^The whole ar- 
rangement of tlie structures of the infundibulum’^ is ^Hiere 
altered.” Then, referring to lioth lobes, i.e., the liypophysis, 
he remarks: ^‘Klsewherc it shows no lireak in the described ar- 
rangement, the line of differentiation between liypophysis and 
infundilnilum being sharply drawn, a layer of coarse connective- 
tissue bundles being placed between and separating the gland- 
ular and other structures of the pituitary from the tissues of 
the infundibulum.” While the neural lobe is autonomous, 
llamon y Cajal, Andriezen, dentes and others have conclusively 
sliown, as previously stated, that nerve-fibers passed from this 
lobe and the pars intermedia to- the tuber cinereum and beyond. 

Notwithstanding this striking autonomy of the organ, 
there are several features in its histological make-up that 
suggest an additional connecting-link between it and the in- 
fundibular structures. Berkley refers to the ^^outer lamina 
of slightly irregular ependymal cells (Fig. M, Plate I) three 
or four deep, arranged after the manner of the cuticular epu 
thellum/' This lamina, wliieh older anatomists considered 
as a continuation of the ventricular gray substance, only covers, 
we have seen, tlie free portion of the posterior lobe and is not 
continuous with tlie infundibular ependyma. Again, ^There 
are seen, extending from the thin capsule surrounding it” 
(here Berkley alludes to the capsule that surrounds the entire 
jKisterior lobe), ^^numliers of ratlier thick varicose threads, all 
unbranched, and invariably ending, when their terminations 
can be discovered, in a ball-sliaped figure, at a definite line in 
the substance of the body, usually at the inward ending of the 
first layer of epitlielial cells, at the line of separation from 
the more centrally situated elements. These knobby threads,” 
he says, "strongly resemble the ependymal glia-cells of em- 
bryonic life, and possibly may be related to them ; bq^: as their 
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basal end is shrouded in a blackened aggregation of cellular 
masses, their histological origin must remain a matter of sonic 
uncertainty/' 

If, with these histological data before us, wo examine 
Plate I, a suggestive fact asserts itself; t.c., that the lamina 
of ependymal cells referred to forms a skull-cap-like covering 
for the posterior two-thirds of the posterior lobe. The glaniluhir 
alveoli of the latter, with their colloid substance, are, therefore, 
in the best possible position for the reception of any nervous 
impulse that the ependymal cells may be ablg to transmit out- 
wardly. This is emphasized in Plate I, which shows that this 
layer exactly covers the entire surface of the posterior region 
without reaching beyond its limits. The posterior surface of 
the posterior lobe thus seems to be held in the grasp, as it were, 
of its ependymal covering, which in turn contains the nervous, 
^^rather thick, varicose threads.’' This suggests tliat the capsule 
may not be the insignificant structure it is now thought to be. 
Even the fragmentary data we have concerning it tend to 
indicate that it plays an important role in the functions of the 
organ. 

Mere protective structures are usually detaidied without 
much difficulty from the underlying tissues. Berkl(»y states, 
referring to the posterior body: ‘^This lobe is so strongly ad- 
herent to the dura that it pulls out of the rest of iho. pituitary 
body in removing this with the brain, unless tlie inembraiu' 
is dissected with it from the base of the skull.'’ Since the 
capsule is tlie part of the lobe so strongly connected with the 
dura, it must as firmly adhere to the layer of ependymal cells 
beneath; otherwise efforts at removal would tear it away from 
the latter. This firm hold of the capsule on the cellular layer 
is fully accounted for by the thin, fibrous partitions the former 
sends through the latter, but this in itself suggests an intimate 
relationship between capsule and cellular layer, especially since 
the "blackened aggregation of cellular masses," referred to 
by Berkley, which form the basal extremities of the nervous 
"threads," all terminate in what appears to be, in his draw- 
ings, thickenings in the capsule proper. That such f relation- 
ship between the capsule and the nervous elements must exist 
is further shown by his reference, in the descriptive text of the 
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illustration, to the ^^capsule of the lobe thickened in places, 
from which extend threads that end in knobs,” etc. That the 
varicose threads and the capsule are structurally continuous, 
the latter thus dipping, through a multitude of protoplasmic 
projections, into tlie deeper elements of the lobe is evident. 

We have seen tliat many features suggest a relationship 
between the anterior pituitary and the adrenals, through nerves 
at present considered as appurtenances of the sympathetic sys- 
tem. That the anterior lobe contains but one kind of nerve 
connected with this function — besides its vasoconstrictors — is 
shown by the following statement of Berkley’s: ^Tn the gland- 
ular ])ortion of the body, nerves, other than those belonging 
to the sym}mthetic system, are not found. They are very 
fine varicose fibers, with numerous ramifications and branchlets 
coming off from the main stems at a right or slightly obtuse 
angle.” These fibers must, therefore, represent, considering 
their general morphology and location, not terminals of the 
connecting nerves and distributors of energy, but collectors of 
energy, i.e,, of sensory impulses. They are probably the fibers 
wliich Cajal traced to the floor of the tliird ventricle. If Fig. I 
in Plate III, wliich represents a section of the glandular por- 
tion of the antcM’ior lobe, is consulted, it will be seen that these 
nerves present the two main charactiudstics of the capsular 
threads of the posterior lobe: i.e., they are also varicose and their 
tijis are likewise knobbed. Since, therefore, the nerves so dis- 
posed in the anterior pituilary are collectors of energy, the vari- 
cose and ktwhhcd threads of the capsules of the postenor pitni’- 
tary must also he collectors of energy. This is further sustained 
by the analogy between the two organs to which reference has 
already been made. 

That a direct nervous connection between the posterior 
pituitary and the infundibuhir tissues, etc., exists by way of 
the capsule of the former is thus probable — thus making it pos- 
sible for impulses generated in the depths of the lobe to reach 
the ventricular structures, irrespective of the sharply defined 
connective-tissue separation between the lobe proper and the 
infundibulum. Indeed, such a separation seems a necessity, 
inasmuch as an impulse, transmitted through the intermediary 
of jthe capsule must, owing to the skull-cap shape of the latter. 
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come from every part of the unclerlyiiig structures and oniy 
reach the bftsal structures throiigli patlis that are eoutiuuous 
with the capsule’s tissues, and irrespective of the nerves which 
arise directly from the two lobes and pass upward hv way of 
the interior of the infundibulum. That a j>rot‘iist* jiadding 
of cellular tissue is Mature's resource under sueli eoiidi lions 
is well illustrated by the following relnark of Dejerine's: ‘‘dMie 
vessels of the central nervous systcan are surrounded by two 
sheaths of a different kind: the intrnuil is connectivt^ in nature 
and belongs to the mesodermic layer; tlu' rrlrrnal, neurogliar 
in nature, is developed at the expense of the ('xtt*rnal, or ecto- 
dermic, layer.” The capsule has been compared to tlu‘ c(‘rt‘bral 
cortex, perhaps wdth justice, as w'e shall show'. 

Berkley, referring to the various cellular structures in the 
deeper portion of the IoIk^ sup])lied w^itb long cxtcaisions, says: 
“The axis-cylinder extensions of all the cells in tlu* inferior 
portion of the lobe turn upward. . . . Those bcbaigiiig 

to the larger pro|)ortion of tlu* smaller (*ells of tlu* su|M*rior 
border turn upward and intermingle w'ith the marginal IIIkt 
net-w^ork. . . . All the axis-cylinder ])rncesses and the 

long dendrites have a general tenden(*y upward and forward, 
both dendrites and neuraxons branching as they proc(‘ed o!i- 
ward : but all traces of the dendrites of the inlerior and nu‘dian 
cells of the lobe are lost some little distance below' the superior 
edge, and then the neurons only are inlermingliMl with the 
extensions of the smaller superficial cells, j)assing them, how- 
ever, before the border is finally reac'hed, where they spr<‘ad 
out into a most extensive fret-w^ork of fine vmirosr fibers, still 
retaining something of their previous longitudinal arrange- 
ment from the threads of the uptending filxu’s bc*ing coarser 
than the lateral and intermingling branches. It is doubtful 
whether any of these fibers pass beyond the limit of the hdx? 
into the infundibulum; our sc^etions give no evi<Ience of su(*h 
an arrangement.” This upward tendency of all cells, and the 
evident concentration of their functional activity at tlie uppiT 
extremity, seem to us to further emphasize the identity of the 
posterior lobe as a powerful source of energy. Its junction 
with the end of the infundibulum becomes, under these cir- 
cumstances, the normal pathway for all the energy that the 
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organ can accumulate. Capsule and protoplasmic extensions 
or processes all serve a similar purpose, but the neck of the 
organ is its own functional limit. 

We must not lose sight of the fact, however, that other 
nerves penetrate the organ. This is shown by the fact that 
Berkley says, in this connection : ‘^the nerve-fibers accompanying 
the larger arteries are sometimes distinctly seen coming from the 
infundibular tract into the body of the posterior lobe of the 
gland and ramifying through it.^’ That there is no connection 
between these and the nervous structures previously described, 
however, is shown by the additional statement: ^‘Connections 
between the fibers of tlie vascular supply and the nerve-cells 
of the organ we have never been able to observe. That these 
are the nerves through which the organ receives its own func- 
tional energy — i,e., the impulses to its vessels and alveoli, — 
as in the case of other organs, is probable.^^ 

The prevailing view that the embryonal supporting sub- 
stance of the brain and spinal cord, the ependymal neuroglia, 
almost entirely atrophies and disappears in the adult mammal 
would tend to counteract my belief that the capsule and its 
underlying structures are important factors of the posterior 
lobe^s functions. Berkley, alluding to the writings of various 
observers in this connection, and referring to the infundibulum 
and other tissue's of the third ventricle which he had just 
described^ says: “After reading these statements, it was some- 
thing of a surprise to find the above-described beautiful speci- 
mens of several types of ependymal neuroglia extending from 
all portions of the middle and inferior regions of the cavity of 
the third ventricle and reaching to the periphery, all portions, 
bodies, branches, tentacles, and subpial endings being readily 
distinguishable. The region examined is, therefore, very in- 
teresting not only from the great variety of neuroglia-cells 
that may be seen within a very limited area, but from the 
fact that varieties of the ependymal neuroglia-cells, previously 
mpposed to have entirely disappeared from the central nervous 
system in the adult mammal, are found present in perfect con- 
dition in the brain of a very high order of animal, and are not 
confined, as has previously heen supposed, to those of adult 
reptiles, amphibia, and fishes/* 
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If all the data I have submitted arc considered collect- 
ively, it seems to me that tlie following conclusion is warniiited : 
Removal of the hemispheres in an animal does not arnsi its 
power to execute normal bodily movements under external 
stimulAtion, because these movements are deifendeni upon fane-- 
tional itructures situated in the base of the brain and in the 
spinal cord and which the posterior pituitary prohahh/ yorerns. 

Of bourse, this appears to contradict at once a great mass 
of experimental and clinical testimony, but the contradiction 
is only apparent. Itemoval of the motor areas in the rabbit 
gives rise to no detectable differences in the movements; the* 
injured animal is similar to an intact one. In the dog, tin? 
same procedtire, according to Foster, causes ^‘loss or diminu- 
tion of voluntary movement in the corresponding part of the 
body”; but this is only temporary, and tlie animal may re- 
cover to such a degree that the temporarily paralyzed limb 
cannot be told from the normal one. Careful examination of 
the brain after death shows that no regeneration of tlie lost ])art 
had occurred. Even removal of the whole motor an*a causes 
no appreciable difference between the movements of the two 
sides of the body to a casual observer. In the monk(*y tla; 
results have been unequal: "While in some instances recovery 
of the movement has, in the monkey, as in the dog, after awhile 
taken place, in other instances the ^paralysis^ has appeared to 
be permanent.” . . . "The facts, however, within our 

knowledge relating to the permanence of tlie effect arc neither 
numerous nor exact enough to justify at present a definite 
conclusion,” as stated by Foster. "On the other hand, the 
positive cases, where recovery has taken place, are of more 
value than the negative ones, since in the latter tlie recovery 
may have been hindered by concomitant events of a nature 
which we may call accidental.” I might add that a single 
case of recovery in the monkey, when the motor area has been 
completely removed, demonstrates that, generally speaking, 
the structures are functionally similar in all higher animals, 
including man, judging from such instances as the crow-bar 
case, or one reported by Brown-S6quard,^‘ in wliich an entire 


u Brown-BSquard: SociStd de Biologie, 1S7<. 
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lobe was destroyed and in which the only symptoms ' were 
amaurosis and slight headache. This emphasizes the identity 
of the cerebral hemispheres as an aggregate of centers which 
record impressions and are the seat of reason, intelligence, and 
volition, but it also suggests that the word ^^inotor” is only 
applicable in its literal sense to tlie areas in the lower cerebral 
mechanism : i.e., the intermediary through which the mandates 
from the hemispheres are executed. 

I have previously referred to the misleading information 
afforded by the use of electrical stimulation. Nowhere in tlie 
organism does this seem to be more applicable than to the 
brain. This feature and the complexity of the processes in- 
volved are fully empliasized in the following lines of the late Dr. 
Foster: “Some writers appear to entertain the conception that 
in a voluntary movement, such as tliat of the forelimb, all 
that takes place is that tlie Vill’ stimulates certain cells in 
the cortical area, causing the discharge of motor impulses along 
the pyramidal fibers connected with those cells, and that these 
motor impulses travel straight down the pyramidal tract to 
the motor fibers of the appropriate nerves, undergoing pos- 
sibly some change at the place in the cord where the pyramidal 
fiber makes junction with the fiber of the anterior root, but 

deriving their chief, if not their wdiole, co-ordination from the 

cortex itself: that is to say, being co-ordinated at their 

starting-point. That such a view is untenable and that the 

simplicity of the electrical ])henomena is misleading are shown 
by the following two considerations, among others: On the 
one hand, as was shown in a previous section, the co-ordination 
of movements may be carried out apart from the cortex, 
namely: in the absence of the hemispheres; and we can hardly 
sujipose that there should be two quite distinct systems of co- 
ordination to carry out the same movement: one employed 
when volition was the moving cause, and the other when some- 
thing else led to the movement. On the other hand, the 
analogy of speech justifies us in concluding that the cortical 
processes do take advantage of co-ordination effected by the 
action of other parts of the nervous system.^^ 

Referring directly to the general character of the processes 
involved, Professor Foster says: “Hence, while admitting, as 
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we must do, that in the intact animal the cortical area and 
pyramidal tract play their part in carrying out volunUiry 
movements, their action is not of that simple character sup- 
posed by the view referred to above. On the contrary, we are 
driven to regard them rather as links— important links, it is 
true, but still links in a complex chain. As we have alreaily 
urged, we may probably speak of the elianges taking place in 
the pyramidal fibers as being, on the whole, of the nature of 
efferent impulses; but we would go hcj/und the evidence if we 
concluded that they were identical with the ordinary efferent 
imptdses of motor nerves/*^- All the fc'aiures emjihasized in 
these quotations, especially in the last lines, appear to nu* to 
isolate the hemispheres from the source of motor impulses per 
sc, and to confirm what experimental evidimce obtained aftiu* 
removal of the hemispheres had sugg(‘sUul : i.e,, that the lower 
cerebro-spinal structures constitute the executive intermediary 
through which the cortical mandates are actively realiz(.‘d. 
Yet, as is well known, these lower struct ur(‘s, in turn, manifest 
their activity through the centers imbeddetl in them ; what is 
there to replace the energy in the form of motor imjiidses 
which is erron(X)usly supposed to be awakened by the “wilT’ in 
^^certain cells of the cortical area”? 

Professor Foster partially answers this question wlicn he 
says: ^‘The discussion in a previous section has shown that 
much of the co-ordination of the body is carried out by tlu? 
middle portions of the brain, and on these the motor area 
must have its hold as on the spinal mechanisms. The details 
of the nature of that hold are at present unknown to us.” It 
would appea-r from the facts reviewed that wdiat miglit la? 
termed the central brain and the spinal cord constitute an 
entity — a mechanical entity, perhaps — made up of w^orking 
centers, beginning with the olfactory bulb and the other nerv- 
ous structures distributed to the nasal mucous membrane 
anteriorly, and terminating with the end of the spinal cord: 
i.e., the neural tract of lower forms. Motility, unconscious co- 
ordination, and sensation — but only, in the case of the latter, 
to the extent of transmitting sensory impressions to their re- 


^ Hie itiiUos are my own. 
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spective perception-centers — ^would enter within the scope of 
this central brain. 

As to tjie source of the transmitted energy or impulses, — 
apart from the sensory connections with underlying structures 
which the cortex possesses, — the predilection of most writers 
to ascribe to the cortical areas motor functions but demon- 
strates the need of such an agency to logically account for the 
phenomena witnessed. To ascribe to the central brain or its 
centers per se attributes of a similar kind would simply amount 
to shifting to it a convenient, but unknown, quantity, and a 
fictitious one besides, in the sense that it supplies nothing to 
account for something. In the only nervous system that I 
have so far traced to its origin, that of the suprarenal glands, 
the conversion of chemical energy into nervous impulses was 
found to be a functional attribute of the anterior pituitary 
body. That so extensive a system as that represented by the 
central brain and cord should likewise need a center such as 
that represented by the posterior pituitary body for the con- 
version of some form of energy of external source to satisfy 
the needs not only of its efferent, but also its afferent, im- 
pulses seems clear. 

That the middle brain is the source of the motor phe- 
nomena witnessed is not only suggested by the fact that nor- 
mal muscular contractility promptly recurs after removal of 
the hemis})heres, but also by the following experiment by 
Professor M. DuVal; ^Tf a part of the gray substance of the 
cortex designated as the center of certain movements is cau- 
terized, tlie same movements are obtained when the electrodes 
are applied upon the eschar thus produced. . • . This 
experiment shows,^^ says the author, "that the gray cortical 
substance is not a necessary experimental condition for the 
production of localized movements,^^ Indeed, he states that 
the underlying white substance of certain parts will also cause 
circumscribed motions in certain groups of muscles, etc. 

Can the removal of the cortex of one side be followed by 
the assumption of compensative functions by the opposite side? 
After the usual period of paralysis, due to shock, the normal 
motions promptly recurred, precisely as they had on the other 
side. To ascertain whether the cortex at all possessed motor 
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attributes Vulpian passed an electrode through it, that part 
in contect Math the cortex being insulated. The undorlying 
white substance was thus alone stimulated. 11c found tliat 
the latter was far ^inore easily excited than the cortex. It 
seems clear that in these experiments ihe increased exciialnliltj 
was due to ihe closer praximliy of ihe central hrain, “All the 
functions of tlie brain can persiwst/’ says Brown-Se(]uard, “afUM* 
the complete destruction of an entire lobe.”^*' Experiiuentid 
and clinical evidence, however, only eliminate motility and 1 ' 0 - 
ordination from the hemispheres. The cortex, as regards cere- 
bral localization, merely loses the ^‘^motor'’ attribute suggcstiHl 
by the tenn "Wtor area,” and is sliown, by its functional 
relations with the underlying structures, to l)c a vast sensitive 
surface, to the ^^areas’^ of which the term “sonsory^^ might be 
more fittingly applied. 

The practical bearing of this may be illustrated by an 
experiment that will recall some of the familiar featunis of 
the earlier portions of this work and at the same time point 
to the central brain as the source of motor jdicnomena. This 
experiment, referred to by Professor Fosh*r, is as follows: “It 
has been observed that in certain stages of the influence of 
morphine the cortex and the rest of the nervous system are 
in such a condition that the application of even a momentary 
stimulus to an area leads not to a siniple movement, but to a 
long-continued tonic contraction of the ai)propriate muscles.’’ 
As previously shown, many drugs raise the blood-pressure and 
thus congest the adrenals and indirectly the brain. Cerebral 
hyperaemia, we have seen, is the source of tlie majority of 
phenomena that follow the ingestion of drugs that are suffi- 
ciently active to stimulate the adrenals. I'lie intense headache 
of quinine and other agents is obviously due to this congestion 
of the cerebral vessels; muscular contractions, tetany, etc., ore 
also familiar results of suprarenal overactivity; indeed, digitalis, 
one of the most active suprarenal stimulants, is particularly 
active in predisposing muscles to contraction and in experimental 
animals suitably dosed a minimal current without the drug will 
produce maximum effects — prolonged tetany — ^with it. 


»M. Duval; JUoc. p. U6. 
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In the course of the statements to which I have referred, 
Foster, after ascribing tlie temporary paralysis observed after 
operative interference to a condition ^^of the nature of shock” 
remarks: ^^But, even giving full weight to this consideration, 
there remains the fact that the cortical area is associated with 
various co-ordinating and other nervous mechanisms belonging 
to the limbs by such close ties that these are thrown info dis- 
order when it is injured. And, side by side with this, we may 
put the remarkable fact, previously stated, that during an 
abnormal condition of the cortical area — simulation of the 
area — instead of producing the appropriate movements confined 
to the limb may give rise to movements of other parts cuU 
rninating in epileptiform convulsionsf^^^ 

If the word ‘^associated^^ is given its full meaning, limbs 
and co-ordinating mechanism constituting one class, and the 
cortical surface the other, the hemispherical mantle of gray 
matter being considered solely as a great sensory surface, the de- 
mands of experimental evidence seem to me to be satisfied. 
What are ej)ilcptic convulsions after all but manifestations of 
excessive motor activity? . . . C^an the latter be credited 

to the cerebral cortex, as is now taught in text-books? Ob- 
viously not, since experimental evidence proves that the cortex 
has no motor properties per se. But irritation of this sensory 
surface or an accumulation of physiological toxics, which peri- 
odically becomes sufficiently great to so stimulate the vasomotor 
center as to cause violent hyperamria, not only of the sen- 
sory cortex, but also of its executive mechanism, the middle 
brain, arc the clearly defined causes to which physiological and 
chemical evidence points. Could the cortex without the middle 
brain give rise to the same phenomena? That such is not the 
case is shown by the preservation of all motor functions, in- 
cluding co-ordination, after removal of the hemispheres. In- 
deed, it is only when the middle brain is removed that the 
experimental animal thus deprived of its sentient cortex and 
of its dynamic center practically loses its identity as a living 
thing. Hence it seems clear that the motor phenomena caused 
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l}y stiTTitildtiofi of the iiiotov oreiis* of the cortex ore tnnnifet<tti^ 
tions of activity of the central gray matter at the base of the 
brain, incited therein by sensory im pulses from these rurtiea! 
areas. 

What constitutes tliis lower brain? The eo-onlinnlion‘ 
so evidently preserved in aiiinials deprived of their beini- 
spheres, points to the cerebelliun as a possible uuMubor of Ihe 
group of organs to be considtM*ed in tliis conneetion. liu-liid- 
irig this organ, therefore, and beginning with the anterior 
structures, we would now have: the ]>osterior ]>itnitarv body; 
the infundibulum; the central gray matter, forming “a b(‘d 
for the development of the nuclei of the cranial nervt‘s"; the 
tegmental system,— i.c., the reticular formation in the nuMlnlla 
continued to the subthalamic region, and to which belong {he 
red nucleus and otlier bulbar nuclei. All this forms wliat 
Foster so aptly characterizes as ^^a more or less continuous 
column of gray matter” connected with the sj)inal cord by 
various ties, besides being, as it were, ^^a continuation of the 
spinal gray matter.” It is as evident that the optic thalami ami 
corpora quadrigemina are also members of the group, since 
these related organs appear to be necessary for the success of 
the experiment in which both cerebral hemispher(*8 are n*- 
rnoved. Thus, referring to the frog, Foster says: ^Mn this 
animal it is comparatively easy to remove the cerebral luani- 
spheres, including the parts corresponding to the corpora 
striata, leaving behind, intact and uninjured, the optic iha/ami 
with the optic lobes, the representatives of the corpora quad- 
rigemina, the small cerebellum, and the bulb. If the animal 
be carefully fed and attended to, it may be kept alive for a 
very long time : for more than a year, for instance.” 

If, with this list before us, we now examine the annexed 
illustration, originally from His’s work, and, therefore, not 
recently drawn, a rather suggestive coincidence appears, indi- 
cating, perhaps, a total independence, in the embryo, of the 
region containing all the structures enumerated from the 
vesicle which subsequently develops into the hemisphere of 
the same side. In mammals the latter is at first insignificant, 
but it develops very rapidly, soon overlapping the middle 
structures. The outline of the latter is coloreil bluish gray. 
The name of each part is given on the cut: a feature that will 
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better convey the mutual relations of the various structures 
included in this system than a verbal description. 

Again, the location of the posterior pituitary at the very 
head of the entire spinal system, as shown in the illustration, 
‘adds further testimony to that already submitted to demon- 
strate the functional relationship between the nervous strucfc* 
ures lying in the posterior pituitary, including the floor of the 
fourth ventricle, and the bulb, 

A summary of all these facts, i.e., (1) that the posterior 
pituitary body has a phylogenetic history which distinctly 
identifies it as a part of the entire neural tract; (2) that it 
presents clearly defined histological characteristics of an active 
neural organ; (3) that these characteristics extend to the in- 
fundibulum, the tuber cinereum, the floor and sides of the 
third ventricle; (4) that these structures are epntinuous with 
the reticular substance of the tegmental region, the medulla, 
and the cord; (5) that the posterior pituitary body has been 
found to be in direct relation with the olfatory center and 
the bulbo-spinal axis in all classes of vertebrates; (6) that a 
current passed between the olfactory and medullar centers may 
cause heart-inhibition and death; (7) that various nerve-centers 
are included in the structures with which the pituitary is func- 
tionally connected in all vertebrates; (8) that sudden death 
is caused by a puncture in the region of the vagal bulbbr center 
through interruption of the efferent and afferent impulses 
through which the cardio-pulmonary system is incited to ac- 
tivity and governed; (9) that electrical excitation of the exposed 
pituitary body causes an instantaneous rise of the blood-pressure 
of over 100 mm. Hg. ; (10) that removal of the pituitary causes 
the opposite, i.e:, an immediate and great fall of the blood-pres- 
sure; (11) that division of the base of the brain across the path 
of nerves known to originate in the pituitary body prevents the 
action of drugs, such as antipyrin, which lower the temperature, 
and also the action of pus and other septic materials which cause 
fever; and Anally (12) that all functions carried on normally 
after removal of the brain are caused to cease by removal of 
the pituitary, seems to me to warrant the conclusion that: — 

The posterior pituitary body is the chief center of the spi- 
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ml system, and, as such the primary source of certain excito- 
motor impulses now believed to arise in the bulb. 

Of course this conception conflicts with the prevailing view 
that the pituitary body is the source of an internal secretion ; hut 
there is ground for the belief that some leading investigators are 
not convinced of the existence of the latter. Swale Vincent, we 
have seen, finds it ^^extremely difficult to imagine how such a 
structure/^ referring to tlie posterior lobe, "can be regardc<l as a 
secreting gland.” In a very recent paper, E. A. Schafer,^'' though 
a partisan of the secretion tlieory, conceiles that "sotne functions 
of the organ might be conceived to be carrieil out through the 
agency of nerves.” Nothing so far published lias, in iny o])iMi()n, 
raised the secretion theory beyond the level of a plausible as- 
sumption. (See also page 173 in the present volume.) 

If, however, the posterior pituitary holds the imporlant rela- 
tion to the nervous system I believe it does, its inllucnce in tiu* 
pathogenesis of general neuroses must be very great. No dist‘ase 
having so far been associated with the posterior lobe, it may prove 
profitable to seek among the symptoms of typical disease of Ibc 
anterior lobe what signs might be assigned to implication of tlie 
posterior, with which it is intimately blended. 

Acromegaly, which may be attended by irregularity of the 
reflexes, paraesthesias, localized pains, vasomotor neuroses, para- 
plegia, etc., and known to be due solely to lesions of the pituitary, 
suggests itself as a profitable field of study in this connection. 

It is interesting to note, in this connection, that cpiite a 
number of exceptionally able clinicians — von Ilecklinglmusen, 
for instance — ^have considered acromegaly as a trophic neuro- 
sis, the organic disease of the pituitary being deemed secondary. 
That the various theories adduced also bear upon nutrilum 
of the nervous elements is significant as testimony in favor 
of my view. Indeed, the clinical signs that point to impaired 
nervous action are numerous, and are present in practicjally 
all ca^ of acromegaly when the anterior lobe has become 
sufficiently enlarged or functionally disordered to involve the 
posterior lobe, either directly by pressure, continuity of tissue, 
etc., or iUdirMly by overstimulating the adrenals, or, in the 
later sti^g^, by causing insufficiency of these organs. 

“flrlilfciry rrontnifllnss at tlie Roral Sodatjr ot Madtelaa, Mar* IWS. 
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In a previous chapter I have, on good grounds, I believe, 
ascribed to overactivity of the adrenals the stage of “erethism,^’ 
and to insufficiency of these glands that of '"cachexia."’ But, 
if we ask how these states are produced by the adrenals, the 
answer which would not have been available before now seems 
to be within our reach. 

I have previously referred to the vicious circle that ob- 
tains in acromegaly. Thougli primarily located in the anterior 
pituitary, tlie lesion probably gives rise to no untoward symp- 
tom until well advanced: i.e,, until pressure occurs either upon 
its own structure by the pathological elements or upon the 
posterior pituitary. Even slight pressure upon the whole organ, 
as sliown by de Cyon,^“ gives rise to marked general symptoms. 
But if tlie posterior pituitary is also considered as a factor in 
the prod u(‘t ion of the symptomatic phenomena, as a source of 
nervous energy, we not only have the vascular erethism of 
suprarenal ovcractivity, but distinct evidence of nervous ere- 
thisrfi besides. This is well illustrated by the following quoted 
lines, ix., (ilauthier’s definition of the erethic stage of acro- 
megaly as given by Hinsdale'^: "The phenomena of erethism 
which characterizes the frst stage embraces, first, a painful 
hypercesihesia, whicli manifests itself in headaches and rheu- 
matic jmins; second, an hypertrophy of the muscular fibers 
which may give to patients a muscular power greater than 
usual ; third, jialpitation of the heart accompanying the hyper- 
trophy of that organ ; and, finally, the polyphagia and polyuria 
which may he considered to be connected with an erethic state 
of the respective organs."" Everything here points to over- 
activity. But these are only the milder manifestations. Tam- 
buvini, for instance, describes a case in which "the mental 
synxptoms, on aecownt of wl\\c\\ tlie patient was sent to the 
asviiun, began to show themselves only a year before her ad- 
mission. They consisted chiefly in delusions of suspicion ac- 
companied by threats and acts of violence. The patient pre- 
sented, in a marked degree, the bodily changes characteristic 
of acromegaly. While in the asylum she was confused, resistive, 
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and suicidal^ and refused her food. . . . Only tlie anterior 

lobe was involved, the posterior presenting no change cither 
in volume or structure.” This typifies the irritability or stimu- 
lation induced by pressure without organic change. 

The phenomena produced are of another kind when both 
organs are involved in the morbid process, as ajipears to be 
the case in the following instance reported by Johnston and 
Monro^*: The patient, a woman, ^Svas taciturn and intellect- 
ually obtuse, and her memory was bad. Her utterance was 
thick and indistinct, as if her tongue were too big for her 
mouth. Her gait was slow and shuflling; her expression partly 
melancholic, partly demented. . . . The skin of the face 

is of a dull-yellowish tint; tlie mucous surfaces are pale. 

. . . Hearing is somewhat impaired. Ileflexes are dimin- 

ished. Tlie subject of these note's remained in hospital for 
about four weeks. She scarcely ever spoke, took no interest 
in anything, and slept about sixteen hours daily. . . . Slie 

was readmitted in September — ^Idind, more deaf, more drowsy, 
very feeble in muscular jiow^cr. She could no longer rise with- 
out assistance. Control over the sphinek^rs was lost. , . . 

Paralyzed. For a couple of months before death there was a 
discharge of clear fluid from the nose. ... The pituitary 
body is represented by a large, red mass, almost diffluent — 
much softer than brain-substance.” The entire organ being 
destroyed, the posterior lobe had obviously followed the fate 
of its mate. 

In a case described by Pirie^® the history of the nervous 
symptoms is very clearly defined, though the author was un- 
fortunately unable to obtain an autopsy, ^‘The disease Jirst 
manifested itself in 1885, when menstruation finally ceased. 
Pains and paracstliesia of the arms and legs were felt, and 
the patient noticed that her hands and feet w'ere getting larger 
and more awkward. • • . Along with the development of 

physical symptoms a peculiar alteration of mental condition 
took place. Attacks of narcolepsy overcame her, she b<x;ame 
sluggish and irritable, and she suffered much from the ennui 
of life. . . . Breathlessness on the slightest exertion aj)- 

” Johnston and Monro: Glasgow Medical Journal, August, 1899. 

“ Plrle: London Lancet, Oct. 6. 1901. 
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peared, and ultimately the muscle weariness so gained upon 
her that she had to take entirely to bed. . . . Sensory 
disturbances are marked. Shooting pains in combination with 
paraesthesia, tingling, and numbness are complained of in the 
arms and legs. Neuralgic pains are felt also in various parts 
of the body, viz.: the face, chest, back and loins. A remark- 
able perversion of thermic sensibility is found in the -lower 
limbs and over the front of the abdomen and chest up to about 
the level of the fourth rib, the patient having no sensation of 
-heat in these regions. . , . Sternberg remarks particu- 
larly on the occurrence of pain and paraesthesia as valuable 
signs for diagnosis in the early stages of the disease; they are 
probably due, he considers, to changes in the cutaneous nerves.” 

In a previous chapter I remarked: ^^Whether the mental 
symptoms are ascribable to the cerebral hypersBmia or to the 
impairment of certain functions of the pituitary itself, or to 
both, it is as yet impossible to say.” It now seems evident 
tlmt hoik organs are involved in the pathogenic process. If the 
far-reacliing meaning of this fact is apprehended, it seems 
clear that there lies hidden under the whole fabric— of which 
we only now see the outline — a truth of overwhelming impor- 
tance to us physicians: i,e,, the fact that it is not alone in 
acromegaly that the typical signs of impaired function of the 
posterior pituitary appear, hut in other syndromes directly 
ascrihahle to the adrenal system: i,e., myxwdema, cretinism, 
exophthalmic goiter, and A ddison*s disease, which include in 
their aggregate the majority of organic changes of a morbid kind 
to which the system is liable, besides nervous phenomena, 

^^his may be briefly illustrated by further quotations from 
Dr. Pirie^s excellent paper, entirely devoted to the one case. 
As regards the muscular system, the author states that ^^mus- 
cular atrophy is a prominent feature, affecting the thenar, 
hypothenar, and interossei muscles of the hands, the forearm- 
and arm-muscles, the calf- and thigh-muscles, and also the 
glutei,” and refers to Duchesnau,*® "who has made a special 
study of the atrophy of muscles in acromegaly. So marked is 
it in some cases that it has been mistaken for syringomyelia, 
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progressive muscular atrophy, or amyotrophic lateral sclerosis ; 
it has also been mistaicen for Charcot’s cervical pachymenin- 
gitis hypertrophica and for erythromelalgia.” Eeferring to the 
shin, Pirie says: “Its chromatogenous functions are disturbed, 
much as in rheumatoid arthritis. Small freckles are frequent; 
patches of a yellowish bronzing occur also on the face, tlie 
chest, and the insides of the thighs. (Motais describes a bronz- 
ing such as occurs in Addison’s disease.) Numerous small 
warts are present. (Mollusca fibrowi are described in many 
cases and xanthoma-like tumors by Dallemagne.) The patient 
suffers from a brownish seborrhtea, especially troublesome in 
the scalp. The hair is thick and coarse and stands straight 
upward. There is a scanty beard and .moustaclie. Profuse 
perspirations arc constantly complained of. The heart is di- 
lated. There is tachycardia, the heart heating about !)8 to 
the mimitQ. A soft, systolic, basic murmur is heard at times* 
Palpitations and fainting fits occur very often. Dyspiuea is 
marked, and asthmatic-like attacks occur, during which the 
patient has to sit up in bed and fight for her breath.^^ . . . 

“The soft parts nxQ remarkably changed as well as the bones. 
The scalp is much thickened, as is also the skin of the face. 
. . . In addition to the kyphosis tliere is a compensatory 

lumbar lordosis and also a certain degree of scoliosis. The 
clavicles are enormously hypertrophied. The ribs are thick- 
ened and expanded, the costal cartilages feel bony, and there 
are nodular ])rojc*ction8 resembling the ^rachitic chapleP Jit 
the junctions of the ribs and their cartilages.^’ . . . “With 

regard to the organs of special senses, the skin of the eyelids 
is thickened and puffy. The lacrymal glands are hypertro- 
phied. Increased lacrymation occurs at times, and I have 
noticed a colloid-like secretion between the eyelids.” . . . 

“There is amblyopia, nearly complete in the left eye, and color- 
vision for blues and yellows is defective. Bitemporal hemi- 
anopsia is present. The pupils contract in accommodation and 
react to light, tliough very sluggishly in the case of the left 
eye. With the ophthalmoscope optic atrophy is found.” 
. . . ''She suffered much at this time from polydipsia and 

glycosuria, and for over twelve months there was an almost 
constant dribbling of saliva from, the mouth. • . . The 
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thyroid was greatly enlarged, but under treatment with thy- 
roid substance it diminished much in size.^^ We have seen 
how dependent the organism is upon tlie integrity of the 
suprarenal system when infectious diseases develop. 

I can fully agree with Harlow Brooks-' when he says: 
^Mt is quite natural to expect pronounced abnormalities in the 
various portions of the nervous system in a disease which ex- 
hibits so many neurological symptoms”; and his statement that 
“exaininations of tlic nerve-tissues have shown quite extensive 
and (jeneral changes” further sustains niy deductions. Evi- 
dence of this kind, garnered from all sides long before the 
feature it serves to Support is thought of, app(?ars to me of 
tfie strongest kind. 1 again prefer to use the author’s own 
words, therefore, rather than my own, when he reviews the 
pathology of the dis(‘as(*, and which seems to me to portray 
in parvo the main landmarks of neurological pathology. I 
have only omitted those of the author’s own estimates that 
do not ))car directly uj)on my subject and wliat text was not 
purely descriptive : — 

'^Peripheral Nerves , — The trunks of the peripheral nerves 
are, for the most part, enlarged; this is directly due to an 
increase in the connetdive tissue of the endoneuriuni and peri- 
neurium, Often the sheaths of the nerve-trunks also show 
considerable thickening. Tliis general connective-tissue hyper- 
plasia frequently so encroaches on the nerve-fibers as to destroy 
them, and degenerated nerve-fibers are quite commonly found 
some of which may show complete axis-cylinder destruction 
(Arnold, Comini). These conditions may persist . throughout 
tlie entire nerve-trunk, extending even into the nerve- roots. 
( A mold, Duchesneau. ) 

"Garujlia , — In the posterior-root ganglia, also, we find the 
connective-tissue elements greatly increased, so that even 
macroscopically the ganglia are often considerably enlarged. 
Microscopically the ganglionic cells are sometimes pressed upon 
and atrophied (Marie, Marineseo). Arnold reports that he 
found vacuoles in the neive-cells. In Cases I and II of the 
author’s, the alterations in the ganglion-cells were slight. 

Harlow Brooks: Archives of Neurology and Psychopathology, vol* I, No. 4, 
1898. p. 592. 
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is difficult to detennine wlietlier the nerve-coll lesions 
are secondary, perhaps directly dependent on the connective- 
tissue hyperplasia about the cells and fibers, or are primarily 
due to defective nutrition of the ganglion-cell Ixxlies. Per- 
haps these ganglionic changes are wholly, or in greater part, 
i’cs]X)nsible for the degenerations and atrophies which take 
place in the muscles of the voluntary system. 

l:)ym pathetic Gamjlia . — The changes in the sympathetic 
ganglia and trunks have been made the subject of sjiecial study 
by several very prominent investigators, among whom are 
Marie, Marincsco, and Aniold, and hav(‘ b(*cn looked ii})on by 
many as factors of an etiologii*al nature. Finding, as W(^ do, 
such pronounced change in the blood-vessels, it docs not seem 
at all strange that lesituis in (he synij)athctic ganglia sbouhl 
be present; but a view intimating a d(‘))(‘ndence or relation 
of the vascular changes to (be lesions in tbci symjiatbetic sys- 
tem is not in accordance \y\ih our own idi‘as expressed at (he 
close of this paragraph. In general, the (*hanges in (Jie sym- 
pathetic ganglia are very similar to those already described in 
the ganglia and trunks of the cerebro-s])inal system. In some 
cases the size of the ganglia is consideralily increased (Arnold, 
Marie, Marinesco), and, micr()scoj)ically, the connectiv(‘-tissue 
web is thickened and proliferating. '^I^he ganglion-cells are 
often reported as exhibiting evidences of degeneration.'’ 
. . . ^^Arnold has found va('Uolization ; not infrecjiHmtly 

considerable deposits of pignumt are seen within the cytoplasm. 
But, as in Case II, the ganglion-cells may be normal; the Nissl 
bodies are present in normal arrangenumt, volume, and shape, 
and show' no deviations in their staining reactions; and the 
pigmentary deposit is not almonnally abundant. The sym- 
pathetic ganglia in the case reported by Gauthier were also 
normal. It is advisable, at this point, to call attention to the 
fact that the interstitial hyperplasia is by no means a lesion 
characteristic of the sympathetic system, but is simply an ex- 
tension of the general process so often alluded to. The growth 
of connective tissue in the sympathetic may depend in part 
on lesions in the walls of the vessels; or both may be referable 
to the common factor of deranged nutrition. 

*^Cord and Medulla. — ^The pathological findings in both 
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the cord and medulla differ greatly. Virchow, and also Fritsche 
and Klebs, have reported hypertrophy of the medulla. The 
spinal cord was enlarged in the case reported by Linsmayer. 
Many observers have reported various degenerations in the 
cord. Baruch^s case was associated with symptoms of syringo- 
myelia^ Debierre gives a case with diseased posterior columns, 
wliile Arnold, Dallemagne, and Tamburini have found at au- 
topsy irregular degenerated areas in the cord, affecting, how- 
ever, no s])ecial place with any degree of constancy.^’ 

That the trophic changes in the nerve-tissues explain 
several of the neurological and myological symptoms in acro- 
iiK'galy is obvious, but these occair in advanced cases, i,c,, vdien 
siudi morbid changes have; had time to occur. The signs which 
j)oint to the post(?rior lobe as the seat of an important center — 
in keeping with physiological data enumerated on. page 51.0 — 
occur during tlic early or ercthic stage, viz;, the painful hyper- 
lesthesias in the extremities, the tingling, numbness, the vaso- 
motor neuroses and the palpitation. Their presence is explained 
by the marked rise of blood-pressure produced by irritation of 
the pituitary liody proper, observed by Cyon, and confirmed by 
Masay, and by the long-recognized identity of the posterior 
pituitary as the neural lobe, its histology and nervous connections. 

Pending additional evidence in this direction the nature of 
the process through which the pituitary influences the nervous 
system requires study. 

THE IIISTOLOay and PHYSIOTX)GtCAL CHEMISTRY 
OF THE NEURON. 

We are first brought to inquire into the relationship be- 
tween the modern conception of the structural composition of 
the ceiebro-spinal axis and the views I have submitted. 
Granted, therefore, that tlie posterior pituitary body is the 
seat of a process through which chemical energy is converted 
into nervous energy, and that this constitutes the nervous im- 
pulses which the cerebro-spinal axis triinsmits to the various 
organs, how do' tlie nerve-elements utilize this energy when 
functionally active? 

1 refer, of course, to Waldeyer^s neuron as the morpho- 
logical unit of the cerebro-spinal axis, and the processes of 
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which are not in contact, but sulilciently close, one to tlie 
other, as to make it possible, when required, for n ner\e-iin]>ulse 
to cross the interval between them. Tiioso facts have been 
satisfactorily established by modern methods, es])ecially tbiou^li 
the labors of Golgi and Kanion y Cajal. Hut the manner in 
which the gap between the processes is closed — nc., liow 
impulse passes from tlic tenninal brush of tlie axon of one 
nervous element to the dendrites of the next — is still to be 
determined. It has been suggested, liowever, that the proct*sses 
behave, in a limited manner, as do tlu' pseudojxxlia of the 
amceba, and that by a slight extension tlie interval between 
the processes is closed. When tlu- processes are not in con- 
tact they are said to be in a state of ^‘retract ion." I^lneh as 
such a function would facnitate and shorten <mr analytical 
work could incontrovertible cxperinicntal fads ])c addii('(*d to 
sustain it, we are brought, by a revi(*w of Mi(‘ lil(*ratnrc ol tlai 
subject, to recognize that such facts are not available. Indeed, 
the majority of pliysiologists and neiiro-Iiistologists now con- 
sider the (piestion of ‘hiimeboid movements of Hu* neuroid^ in 
the light of a working liypothesis. 

There is one feature of tlie investigations in this dinxdiou 
which may serve to tlirow more light upon the? whole cjiies- 
tion if one of the more prominent deiluetions snbiiiittixl by 
me in the present work is taken into consideration: the 

fact that certain drugs cause overaetivity or insuiru'ieney ol the 
adrenals. 

Much of the physiological work done in oonn(‘ction with 
the neuron includes the administration of various toxics, 
strychnine, chloroform, morpliine, etc., — and armeboid niovc- 
inents or other active manifestations of the; protoplasmic proc- 
esses are thus ascribed to the action of the drugs iijion the 
neurons per se, whereas, in the liglit of my views, the elianges 
of form witnessed should be ascribed to increased or re<]uced 
blood-supply when toxic doses are given. To illustrate my 
meaning I will give in outline an experiment which repre- 
sents one of the key-stones of the entire theory, that of 
Demoor. Before doing this, how'cver, it may, perliaps, be well 
to state that I will consider the terms 'Neuron'' as applying 
to the complete nervoi-cell, including processes; ^""neuraxon 
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to the (usually) single and long i)roeess which extends along 
the center of the nerve-liber, and is then called ^^axis-cylinder; 
^^dendriles'^ to the ceirs many processes — some of which end in 
many branches or tufts — other than the neuraxon. With 
Foster and Sherrington we will consider that neuraxons carry 
impulses away from the cell, while dendrites transmit impulses 
into the cell. Two other prominent morphological features are 
the — minute projections all along the dendrites — 

and their terminal twigs, which recall those on the stems of 
the moss-rose, and the varicose^ or irregular, swellings that may 
he observed in the course of the dendrites or their terminal 
twigs. 

The experiment of Demoor was briefly as follows: He 
hilled a dog by injections of morphine; a second dog was given 
morphine for some time, then killed by cutting the medulla; 
a third was trephined. The next day a piece of the left hemi- 
sphere of the latter dog was removed ; the animal being then 
morphiniz(‘d, another piece — but of the right hemispliero this 
time — was removed. Portions of the hemispheres of the two 
killed dogs having also been removed, all specimens wore 
treated in precis(»ly the same manner. The cellular changes 
wore found to be similar in all specimens taken from Iho inor- 
phinized animals: their gemmnles had disappeared. Alone of 
the series the piece removed before morphine had been given 
was covered with regularly distributed gemmules. Now the 
fact T wish to emphasize is this: while this experiment is 
thought by its author to show that the retraction of the gem- 
mules constitutes the inactive state, as induced by morphine 
through the heal action this drug is now thought to have upon 
nerve-cells, the retraction of the gemmules is due to general 
vasoconstriction of all arterioles, inrludimj those of the ad~ 
renalsy by a direct action of the morphine upon the sympathetic 
center. (See page 1372.) We thus have, instead of a purely 
local effect, an example of the general physiological process 
through which the neuron passes from the active to the passive 
state, the circulation of oxidizing substance in the neuron being 
thus inhibited. 

Again, the same structures treated by different methods 
have been found to yield different results. Thus, H. H. Baw- 
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(]en““ found tliat “ail material treated aeconlintr to the slow 
method of Golgi sliows, as a rule, an almost al>.solnte rnuHlom 
from varieosities ; varicose cells occasionally oc cur/' Tlu» 
mixed method and tlie rapid were found to yield priutit^ally 
the same results when the dendrites had tak(‘U llu* stain: the 
geinmules were ahiiost invariably ])rescnt and regidar. In 
some sections almost every demlrite was varicose; in others 
hardly any. All these results were similar whether normal or 
^^toxic^’ material was used, and the author concludes that “it 
is impossible for an unprejudic(*d observer to dill‘erentiat(* or 
distinguish between the two kinds of material.’' Lugaro,"'’ 
who has upheld the retraction liieory, also reached the c(Ui- 
clusion that “imperfect fixation is very larg(‘ly, though not 
entirely, responsible for the formation of varicositii's and the 
disappearance of gemmules.-’ Weil and Prard< summarize what 
a review of the liti*raiure of the subject shows, wljen they say: 
“The findings have been in almost every case ])osilive, although 
there are occasionally records of negative' results and (‘ven 
contradictions, — as, for (‘xamjde, Ix'twec'n the Investigations 
of Demoor and of Soukluiiiotr on the eih'cls of ehloroform. 
. , . Eetraction of the geminuhe and (*oineidcnt svvt'lling of 

the dendrites form the essential feature's of ('very desc'riplion.” 

Judging from the foregoing estimates as to the ellecls 
of stains upon dendrites, tht'so phenomena are to he consid- 
ered as artifacts: i.c., as artifieially jiroduci'd changes. Hmh'r 
these conditions, it is (dear that the latter should aj)pear, irro 
spective of the condition of the animal at the time of its d(*ath : 
i.c., whether under the influence of toxics as stated, fatigue, 
etc. 

That prevailing views in this connection arc crroiu'ous is 
my firm lielief after a critical analysis of available experimental 
evidence. Particularly instructive and valualile in this con- 
nection are the experiments c)f IT. H. Go«ldard,^^ which con- 
sisted “in cutting through the entire hea<l of the animal at a 
single blow wdth a very thin sharp knife, the parts of the head 
falling instantly into large dishes of Cox’s solution warmed 

2*H. H. Bawden: Journal of Comparatlvo Neurology, May. 1900. 

•* Lugaro: Rtvista di patol. nerv. e ment, vol. ill, 1J19K. 

** H. H. Goddard: Jour, of Compar. Neurol., Nov., 
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to 31)® C. In his first experiment, puppies about seven weeks 
old, sisters from the same litter, were used, the one while some- 
what tired, tlie other after having slept. A careful count of 
the pyramidal cells of the cortex of the somewhat fatigued 
puppy gave a proportion of 31.1 per cent, of cells showing 
varicosity, while cells from the same region of the puppy killed 
after sleeping was 8.5 per cent. In the former animal 15.9 per 
cent, of the cells showed much varicosity; in the latter only 
0.8 per cent, showed a similar stale. In the second experiment 
the first of two sisters was killed on waking in the morning; 
the second at night when tired and very sleepy. While it ^Vas 
difficult to find a single varicosity on the dendrites of the mom- 
ing puppy, for long distances in the cortex of the evening 
puppy^^ it was difficult to find a cell ‘^whose processes’^ were 
^^iiot more or less varicose.” It is evident that in these in- 
stiinces at least the stain was not alone the source of vari- 
cosities, since it was only in the tired puppies that the vari- 
cosities were very marked, while in the thoroughly rested animal 
practically none could be found. 

Judging from these experiments, varicosity of the den- 
drites coincides with a fatigued condition. This corresponds 
exactly with the experiment of Demoor, previously described, 
since retraction of the gemmules is accompanied by varicosity; 
so that fatigue and a large dose of morphine must have pro- 
duced similar results. 

If the staining process alone caused the fonnation of vari- 
cosities in Demoor’s cxperimcntsi, — the same method having 
been used for all specimens, — ^liow is it that one of the latter 
showed gemmules (which means absence of varicosities), and 
that Uiis solitary specimen is precisely from the only animal 
which liad not received morphine? Berkley®'^ found that poi- 
soning with alcohol ^^in considerable doses, continued over a 
moderate time, will produce decided and ascertainable lesions 
of the nutrient structures and nervous elements of the cere- 
brum” very similar in character to the pathological lesions pro- 
duced by other more virulent soluble poisons. The terminal 
twigs of tlie dendrites were also found to have become varicose 

^ Berkley: Brain, Winter, 1895; and Johns Hopkins Hospital Reports, yol. 
yi, 1897. 
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or beaded, the gemmiiles being very scarce or absent. Here, 
again, is a condition which, as docs fatigue, morphine, and, we 
may add, chloroform, chloral hydrate, and other toxics used 
by Demoor and others with similar results, all tend in the one 
direction: Le,, to morbidly reduce functional activity. This is 
a well-known characteristic of the bromides. In a study of tlu* 
cortical cells tinder the influence of poisonous dt)ses of ]>otas- 
siiim bromide, IT. K. Wright-** says: ^^If tlie primal astM'udiug 
dendron is followed to its visible termination, several am])ullous 
or varicose swellings of varymg size are met witli/^ . . . 

^^on the basal processes also varicosities an* Ix) be seen ; Init 
they are small and, like those of tlie asi'cnding protoplasmic 
process, are sharp in outline, and shorn of the lateral ])rojec- 
tions which obtain on the unaltered j)art of the extensions. 
One may be seen on eacli secondary branch, and ranges in size 
from a small and saircvhj reco(jnizah/r to a readlltf obrioiis swell- 
ing. None of them, liowovcr, reacli the dimensions id the 
apical projection and its branches.'’ 

If the mcthcMl of staining is the cause of ail this, we are 
brought to tlie conclusion that it must be scleidlve as to the 
parts of the dendrite it affects, and that only functionally- 
impaired cells arc so affected by tlie stain as to show varicosi- 
ties. Even Uien staining methods would furnish precious in- 
dications. But it seems clear to me that, while the lU'wer 
chrome-silver methods still furnish impendVet pictures of the 
morbid alterations of the neuron, they cannot with justice be 
said to either cause or prevent the formation or disajipearance 
of gemmules and varicosities; in other words, that tlu^y are 
not artifacts of the Golgi method. The marki^d timdency of 
the swellings to kxtate at the apices, and the gradual re<luc- 
tion of the varices as the cell-body is approacluMl recall, on the 
otlier hand, a well-kmown pathological principle: t.r?.. that the 
morbid effects of impaired general nutrition are first felt by 
terminal structures. 

And the painstaking experiments of Weil and Prank do 
not appear to me in the least to prove their conclusions that 
‘The varicosities must be regarded as* artifacts” and that “they 


“ H. K. Wright: Brain, Summer, 1898. 
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depend for their presence and their amount on the form and 
method made use ot/’ Demoor employed the same method in 
each of his comparative experiments and liis results were not 
similar, tlie non-morphinized specimen alone differing from all 
others. Hubbard used the identical method in both his com- 
parative experiments, and likewise obtained results which dis- 
tinctly showed a marked difference between the rested and 
fatigued animals. In these and other experiments referred to, 
the })at]iogenic agency, including fatigue, was allowed suffi- 
cient time to produce alterations in the cortical cells, if nutri- 
tion has anything to do with the process. 

In Weil and Frank’s experiments the animals were over- 
whelmed by the quantity of toxic administered, and death 
occurred, viewed from my standjioint, by arrest of the adreno- 
cardiac functions, long before any marhed action upon the cells 
could possibly have occurred. The doses of morphine admin- 
istered were and 0.41 gramme (0 and 7 grains), respect- 
ively, with death in 15 niinutc^s; of strychnine nitrate, 0.018 
gramme (Va ^l<-‘i^th in 20 minutes; of hy])ertoxic urine, 

125 to 150 cubic centimeters (4 to 5 ounces), death in 15 to 
25 miiiutos. That thes<? are overwhelming doses in rabbits is 
evident. One animal was killed with scu’um (50 cubic centi- 
meters — 1 ounce) in 5 minutes ; oth(*rs with clhoroform inhala- 
tions in 10 minutes; one by tracheal clamj)ing in 8 minutes. 
The rest, six juiinials, were destroyed instantly by instrumental 
procedures. In none of tliese animals was there any distinction 
eslablislied as to whether they liad been sleeping, eating, or 
romping, etc. That some were old and others young in the 
series of nineteen is probable; as is well known, erethism, espe- 
cially ill such delicate structures, is greatly influenced by age, 
and a few months in the rabbit represent as many decades in 
man. The weight of each animal was not recorded in order 
to establish the relative action of a given dose of the toxic 
used per i)ound of animal, thougli, of course, in the experi- 
ments, tJie large doses used precluded any usefulness on this 
sc\)re. 

Finally, the aiitliors tliemselves will surely admit that ^^no 
varicosities,” ‘S'aricosities,” ‘^slightly varicose,” and ‘S^ery 
slightly varicose,” the method of notation utilized by them, 
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conveys but little exact iiiforniation. And still, even thii? sns- 
tiiins a deduction opposite to theirs. Indeed, tlie short period 
of time tliat elapsed between tlie injection of tlie toxics in tiu' 
animals killed in this manner — represented by 108 blocks of 
slides — ^^must have sufficed to initiate retraction of the <^em- 
mules and the formation of varicosities, since only 10,2 pi‘r 
cent, of these blocks show no varicosities. Wlien, on the other 
hand^ the proportion of animals killed instantly by instru- 
mental procedures — Od blocks of slid(‘s — is analy/i‘d, over two 
and a half times as many, Le., 28 })er cint., are found to sliow 
no varicosities. 

But a fair (piestion suggests itself in this connection: 
Wliy do the remaining 72 per cent, sliow any varicosities? 
Only 14 per cent, of the blocks from the instantly kilJeil ani- 
mals are recorded as “varicose/’ the remaining dS jier ciait. 
being entered as “sliglitly” or “very sliglitly” varicose. In their 
explanation of the scope given these terms, the first means “at 
least some varicosities'’ and the second as “oidy very f<‘w vari- 
cosities.” Now, the authors state that “in the tlrst nine cases 
liere recorded the brains were placed in fixing Iluids within 
tiiree to five minutes.” iVothing is said of the rest; so that 
we may infer that the ten other brains were immers(‘d aft(‘r 
longer intervals, ^^’c have previously seen, when tlh conver- 
sion of inyosinogen into m3-osin was studied, that oxidation 
jirocesses continued even after death: i.t\, until all the oxygcai 
had been utilized. That this must be the case with the bruin, 
which contains one-fifth of the blood of the whole body, and 
that products of metabolism, especially slKuild form in 

the entire encephalon is evident. It normally follows that we 
have in this factor a potent cause for the retraction of gem- 
mules and the formation of varicosities. 

Indeed, tlie contrast between tlie results reaclurd sjieaks 
for itself when compared to those of (loddard, who resorted 
to procedures in which the exact condition at the instant of 
death were preserved, “the parts of tlie lieiul falling imianUy 
into large culture dishes warmed to 39° C.” Kven continua- 
tion of tlie normal brain temperature was insured. And what 
were Goddard’s results? “It was difficult to find a single vari- 
cosity on the dendrites of the morning puppy/’ — ue., the thor- 
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oughly rested animal; while in the thoroughly tired one ^^for 
long distances in the cortex ... it is difficult to find a 
cell whose proccvsses are not moro or less varicose/^ That 
fatigue is the result of an accumulation of products of metabo- 
lism and especially CO;, is generally recognized, 

Goddard’s j)rocedure appears to me to represent as nearly 
perfect a one iis availal)le staining methods (Cox’s and the rapid 
method show considerable parallelism in Weil and Frank’s 
report, while the mixed and slow inetliods appear unreliable 
and contradictory) will allow; his results, in my opinion, 
portray the actual changes that are produced in the neuron un- 
der the influc/nce of certain poisons and during sleep: i.e., when 
the blood-supply of the brain is reduced (See plate p. 1264). 

Weil and Frank state that they ^^arc able fully to cor- 
roborate the statement of C^ijal that normal and toxic mate- 
rial cannot be differentiated by the number of varicosities or 
of gemrniiles.” '!11ie care with wliich such experiments must 
be conducted, apart from the method of staining adopted ; the 
need of immediate immersion, and other details to which wo 
luive referred, invalidate any opinion that the distinguished 
Spanish histologist may have expressed on this score, unless 
he can show that his experimental physiological procedures 
were as perfect as his staining work must have been. Indeed, 
1 must express the belief that the greater part of the physio- 
histological work done so far in tliis connection is valueless 
owing to tlie ahstmee of the precautions to which I refer. 

Again, Kamon y Cajal’s conclusions that ^^the nerve-cells 
do not move, but on the other hand, tluit the neuroglia-cells 
do move” (which underlies his view as to the gemmules and 
varicosities showing no difference wdien normal or ‘^toxic”), 
lias I)een shown by Dercum to embody its own refutation. 
“Gajal,'’ says the latter autlior, ^^points out the fact that the 
jirocesscs of the neuroglia-cells have numerous short arbores- 


We wish to particularly emphasize the fact that we are In no way criticis- 
ing: adversely the work of Drs, Weil and Frank. We have nothing but praise to 
express for these Investigators. Much of the searching inquiry to which we are 
submitting their paper includes the use of features introduced for the first time 
in the present work, and obviously unknown to them. Indeed, if our views 
eventually prove to be sound, we will owe much to the counter-evidence Drs. 
Weil and Frank— and, we may add. Dr, H, Heath Bawden— have published.— S. 
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cent and plumed collaterals, and lie states that in tliese cells 
two different phases can be observ'ed: tirst, a .^tage of contrac- 
tion, that is, a stage in which the cell-processes become short- 
ened; and, secondly, a stage in which the cell is relaxed,- -that 
is, a stage in which the processes of the neuroglia-cells are elon- 
gated. He maintains that the jirocesses of the neuroglia-cells 
represent. an insulating and non-conducting material, and that 
during the stage of relaxation these processes ixmetrate lietween 
the arborizations of the nerve-cells and tlieir protojilasmic 
processes, and so make dinicult or im)>(>ssi])le the jiassage of 
the nerve-currents ; on the other liand, in the stage of contrac- 
tion the processes of the neuroglia-cells are retracted, and they 
no longer separate the ])rocesses of the nerve-c(‘lls, and the 
latter are thus permiited to come info conincir'^ Kvidtuitly 
liamon y Cajal admits the very thing against which he (‘on- 
tends, for if the nerve-cell processes are at om* time* not in 
contact and at another are in corrtac't, they must ctu’tainly 
move, and the question before us is self-admitted. It matUu-s 
not whether the processes of the nerve-cells move? litlle or 
much, but that they move at all is the question at issue, and 
this Ramon y Cajal admits, though lie mak(!S the movement 
a purely passive one.^’“*^ To mo it appears clear that, since 
Raiiion y Cajal lield tlie nerve-cell to be a passive structure, 
requiring an independent connecting-link to close the circuit 
with the adjoinng cell, he must have denied both the gimi- 
mules and the varicosities any physiological im portance. 1 1 is 
oiiinion, therefore, that normal material cannot be differtm- 
tiated from toxic material, when applied to the retraction of 
geinmules and the formation of varicosities, cannot be said <o 
rest upon solid premises, and, for the time being at least, to 
in no wise affect the question. 

In a comprehensive review of the anatomy and pliysiology 
of the nervous system, L. F. Barker*® makt!S the following re- 
marks: ‘^The physiologist of the present day secs in the func- 


*»We will see farther on that Cajal’s observation as to th<3 relaxation onrl 
contraction of neuroglla-cell processes Is valuable in that It proves that the tips 
of the ^emmules do not transmit, nervous energy.— S. 

Dercum: ■University Medical Magazine, April, 1897. 

L. F. Barker: New York Medical Journal. May 16 ct neq., 1K17-98. 
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tions of the nervous system, even in those which are most 
complicated, only certain manifestations of energy. Moreover, 
he believes that in neurons, as in all other cells of the body 
and as in the world generally, the law of the conservation of 
energy during transfonnation holds, and consequently regards 
the phenomena of irritability, as exhibited l)y a neuron or by 
groups of neurons, as the kinetic representative of the poten- 
tial forces of the cells and their foodstulT's. The metabolic 
activiti(‘s and the vital manifestations of the cell are concomi- 
tant processes — another example of the insepara])le connection 
which exists between what we term matter and energy. There 
has been in many quarters a cei*tain amount of hesitancy in 
accepting the view that the capacities of the nervous system, 
])articiilarly tliosc of the brain, are dependent directly upon 
tlie chemical and physical alterations which are continually 
going on within its constituents:, a hesitancy which, though 
it has in the past proved a serious obstacle to progress, is 
liappily now fast disappearing. For the plant, all the evi- 
dence goes to prove that under the influence of sunlight and 
heat marked chemical and physical changes take place within 
it which we recognizie in its vital processes. In the animal — 
be it granivorous, caniivorous, or, like man, omnivorous — it is 
the chemical energy introduced as food which represents, in 
the main, the source of the energy of the organism. . . . 

The physiologists have been struggling for fifty years or more 
to gain an insight into the nature of mhat they rail nerve- 
impulses, by wliich is to be understood the occurrences inside 
axons: for example, at the time when we have good reason 
to believe that they are functionally extraordinarily active. 
Their effoi’ts have supplied us witli a multitude of data, phys- 
ical and chemical, interesting enough, no doubt, but which can 
serve as only the barest prolegomena to an explanation of tlie 
essence of the occurrences. If we are so badly informed con- 
cerning these elementary and fundamental phenomena we may 
very well be content to be modest for some time to come in our 
claims as regards a physiological psychology. It ia by no means 
inqxissible that in the nervous sVvStem forms of energy are 
concerned which do not exist outside the animal body and 
which yet remain to be recognized and studied. . . . 
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Truly, to find out the properties of a single neuron would be 
a task appalling enough; but, when we remember that of the 
millions of neurons in one individual perhaps no two are just 
alike, the quest w’ould seem hopeless. Hut instead of ])iirving 
ourselves in pessimistic reflections, or being discouraged by 
wliat is at present unattainable, by what may perhaps forevtu* 
remain to us unknowable, we may profitably turn to the con- 
sideration of some of the points which lie more within our 
ken. One point, self-evident enough when one’s attention is 
di refuted to it, but which often appears to have been overlooked 
in connection with the neurons, is the unremitting charactm* 
of their activity. With a metabolism as com])Iicat(Ml as that 
0(‘curring within the nerve-units it is incom^eivable that there 
can be any period in which alterations in chemical structure, 
and consequently energy transformation, are not going on. 
From moment to moment, throughout all the hours of the 
day and night, analytical and synthetic processes are faking 
place, associated wdth the alterations in jihysical forces which 
necessarily accompany these change's. In common with (‘V(‘ry- 
thing that lives, the neurons know no absolute' re])ose. As 1 
have said, in speaking of their metabolism, perio<ls of extrava- 
gant activity may alternate with periods of more economic 
change, but total rest is inconsonant with continuance of c'X- 
istence. We are forced to believe that what we ordimirily 
speak of as the jaiKsage of a nerve-impulse r(q)res(?nts, as if 
were, a Htormy process in the nerve- fiber, and that just as abscfU'e 
of a storm does not mejm absence of w^eather, there are in all 
proliability minor alterations — currents, if you wh'II — pa.ssing 
to or fro or passing io and fro in a given nerve-pher in ihe in- 
tervals between the more violent excitations.” 

The words that I have italicized will douV)tless nicall 
some of the more prominent features previously emj>})asiz(*d 
in respect to the relative nervous processes involved in the 
functions of the various organs reviewed. I liavc termed 
^^passive’^ that form of energy continuously transmitted to tis- 
sues and vessel-walls. A quiet and steady flow of blood into 
the cellular structures, sustained by the tonic contraction of 
the arteries, and a stream of nervous impulses to the tissues 
coinciding in rhythm, perhaps, with that sent to the vessels. 
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suffice to insure nutrition and to hold the structures thus sup- 
plied ready for active work. What is the source of this energy? 

If the posterior pituitary reinforces the flux of impulses 
when functional activity is demanded, passive energy would 
seem to require another source, and as the lower, or middle, 
brain and the cord are included in the ^^sphere of influence^^ 
of this organ, the hemispheres are the only parts of the en- 
cephalon that can supply the need. But they do not. Removal 
of the hemispheius, we have seen, does not impair muscular 
activity; a frog can jump, a pigeon, can fly, etc., and, after a 
short j)eriod of shock-paralysis immediately after the opera- 
tions, movtamm ts retu rn — evidence that their nutritional 
met^iholism, incited and regulated l)y nervous iinpulses, con- 
tinues. Kvideiitly, therefore, the hemispheres have nothing 
to do with the process; tlicy arti solely the se<at of the ^^inind,’’ 
and constitute an organ among the rest, itself supplied with 
vasomotor nerves (Ohersteiner, Gulland, ITuber, Hurthle, 
(^avazzani, Fran(;:ois-Franck, ct al.), and probably with its own 
nutritional nerve-system. We are, therefore, brought back to 
the posterior pituitary as the only organ capable of satisfying 
tlie needs of the situation : i.e., as the only source of passive 
energy. 

This suggests that metabolism may suffice, through the 
agency of the blood’s oxidizing substance, to sustain physio- 
logical ac'tivity during the intervals between ^^stonny processes 
of the nerve-fiber"; but this is promptly shown to be a wrong 
hiterpretation when the etfccts of section below the medulla 
are recalled. As all the arteries of the organism are imme- 
diately relaxed, a continuous stream of impulses must have 
served to hold the vessels in tonic contraction : evidence that 
passive nervous energy is a factor to bo reckoned with. Thus, 
the fact that all co-ordinated muscular movements continue 
after removal of the liemispheres relegates to the lower brain 
the function of supplying active energ}^ — ^and, obviously, 
passive energy likewise, the need of the latter being shown by 
division of the medulla. Indeed, passive energy may well be 
described as passing to and fro in a given nerve-flber in the 
intervals between the more violent excitations, while active 
energy can as fittingly be likened to “a stormy process in the 
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nerve-fiber”; both ascribable, it now seems likely, to the one 
organ, the posterior pituitiiry body. 

To establisli the functions of the posterior j)ituitarv within 
its proper physiological limits, however, it is neei'ssary to as- 
certain how nervous elements in general ami neurons in par- 
ticular are nourished, since it is ii|)on the (](‘gri‘e of perfection 
with whicli tlie nutritive ])rocesses are carried on by tlu‘ blood 
that the functional integrity of these stnudures de])ends. 

The fact that a gmeral nutritional process prevails, of 
which the adrenal system is the primary motive agency, 1 
have shown; but it finds further support in the following 
statements of Professor Barker's — whicIi, of course, hut. em- 
phasize a generally known fact — that, “in ilu' ahsiaici* of sub- 
stances in the body derived from the thyroid gland, the nervous 
system undergoes veiy iTn])()rtant and serious nu‘taholic modi- 
iications, evidenced by the remarkable nervous and mental 
phenomena with which all are now familiar. On r(*storing 
these substances to tlie bod}'^ by the administration of a thyroid 
extract the symptoms may sometimes he mad(‘ to disap[)(*ar. 
It is likely, however, that the neurons find th(‘ir staph* foods 
in the main nutritive constituents of the ])lood as derived from 
the food digested in the stomach and intestines and purified 
by the lyniph-glands and liver.” 

I have, 1 believe, satisfactorily shown tliat the tliy- 
roid secretion incidentally sustains the activity of the anterior 
pituitary body, and therefore of the entire adrenal system, by 
pouring its secretion into the bhxxl. functions of the 

digestive organs we have also reviewed. vVniong the latter, how- 
ever, are two upon which 1 laid considerable stress, — i.r., tin* 
spleen and pancreas, — and I called att(‘ntir)n to the great impor- 
tance of trypsin — the splenopancreatict f(*rment — in the con- 
version of albuminoid substances, and especially of their toxic 
derivatives, into benign products. Thes4* albuminoid substances, 
we have seen, then pass through the liver, and, after traveu'sing 
the cardiopulmonary circuit are distribuled broadcast tli rough- 
out the organism. There is a feature which J kept in aheyanee, 
however, — though a well-known one, — since at the time its true 
weight would not have asserted itself: lc., the fact that albu- 
rninoids include nucleins derived from the animal and vegelahfe 
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calls ingested wiik food, which nucleins contain at least ei per 
cent, of phospliorm. We can now realize how great is the 
])]jysiological role of the pancreas and of the spleen in the 
organism. 

Indeed, the functions of these two organs may be said 
to constitute one of tlio ]>illars u])on which the vital functions 
rest. As a constituent of calcium phosphate, phosphorus is 
found in the bones, teeth, cartilage, and other tissues ; in the 
blood, milk, (‘tc., in ({uantities which bespeak of its functional 
prominence, since (ailcium ])lios[)hate is repi’esentcd by nearly 
six pounds among the organism's constituents. KSodium phos- 
jdiate — wliich gives the blood, lyinph, and other body-fluids 
their alkalinity and fluidity, and the potassium and magnesium 
phosphat(‘S, whicli fulfill much the same role, obviouslv find 
in phOvS|)horus their main dynamic attributes. Hut it is when 
we reach the nervous system that the functional worth of this 
elenuait reaxdies its highest mark. 

1 low are mu’vous structures — neurons, axis-cylinders, 
sheaths, etc. — adequately supj)lied with l)lood-])lasma, their 
oxidizing substance, their phosphorus, etc.? 

The Physiological CiiEMisTin: of Xeiuks. — The func- 
tions of .myelin, or while substance of Schwann — a jelly- 
like homogeneous and transparent material which surrounds 
the axis-eylinder of nerves, and is only separated from it by 
a thin protoplasmic film — may be said to be unknown. It 
is a fatty substance, blackened by osmic acid, and which, 
after death, coagulates and becomes opa<pie, loses its homo- 
geneity, etc. ]\Iyelin is now universally eonsidcu-ed as a pro- 
tective coat; a function which the ovt*rlying mairilernma al- 
ready fulfills. Is myelin fattv' in the true sense of the word? 
KxamiiuMl chemically in quantities, a very large j)roportion of 
dried nerve-substance — about one-half, according to some ob- 
servers — consists of a peculiar l)ody; cholcstcrin. Tivis body 
is not a fat, ])ut an alcohol; like glycerin, however, which is 
also an alcolud, it forms compounds with fatty acids. “Though 
we do not know dermitely the chemical condition in which 
cholcstcrin exists during life in the medulla,” says Professor 
Poster, “it is more than probalde that it exists in some com- 
l)ination with some of the really fatty bodies also present in 



THK PHYSIOLOGICAL CllKMISTRY OF XFUVES. 


tlie inedulla, and not in a free isolatod state." . . . “In'sidos 

cliolcstcrin, ‘white' noiT<in> matter eontains a less, hiii si ill 
considerable, ([iianlity ol! eom[>le\ Tat whose nature is disputed. 
According to some authorities rather less than half this eom- 
))lex fat consists of a j)ecnliar body, fcdUiiu, whii'li we liavi' 
already seen to lx? pri'siait also in bl(u><l-corpuscU*s and in mus- 
cle. Lccitliin contains the radical oJ‘ stearii' acid (or id' oleic, 
or ol* palmitic acid), associated, not— as in ordinary t'als with 
simple glycerin, but with the more complex glycerin-phos|)liorie 
acid, and I'urthm* i-ombined with a nit i*ogenous l»ody, inurin, 
an ammonia com]K)und of some consideral>li* (‘omplexity: it is 
therefore of rema.rkiiJ)le nature, since, though a fat, it con- 
tains both nitrogen and phospliorus.'^ Chol(‘sterin I , ,0), 

lecithin (t ‘^‘^d nenrin I,. N , as shown by 

tlie fiarmuhe, are all oxygen-containing bodies. May tliis sup- 
])osed coating and insolating material, myelin, not In* io the 
nerve what myosiniigen is to muscle? 

Cliolesterin, wi^ have seim, is associated with liej)aiii' func- 
tions. ^Mt is singulaiv' says Profi‘ssor Foster, “tiiat, besides 
bidng pr(‘sent in sucli large ipiantities in mu'vous tissiu^, and 
to a small extent in othm* tissues ami in blood, cholesli^in is 
a normal (‘onstituent id' Idle."* I havi‘ pri'viously nd'i'rred to 
the fact that this alcoliol, the only one which occurs in (lie. 
body in a. free state, com])ines with glycocliolic aciil in the 
formation of bile, and is tbns eliminated by tlic liver, d’his 
view sustains that of Austin Flint, who looked uj)on eliolosirrin 
as an excremcntitioiis product derived from tin* nervous sys- 
tem: i.r,, the r(*sull of nerve-metabolism. Cliolesterin is pi'i's- 
ent in almndani-e in the wliite siibstanci^ of the e(‘r(‘bro-spiiial 
a.XLS, as well as in the myelin, or white substance of Sehwann, 
in nerves. W'e have seen, liowever. iliat tlie elimination of 
(jxcrementitious products by tlic liver is carriiMl out by the 
combination of various agencic^s: rnamly glyiodudic and taiiro- 
cholic acids derived from cholic acid tlirougli an oxidation 
process in wliich the oxidizing substance ])Iays the predomi- 
nating role. That an oxidation process also occurs in a nervi* 
during functional activity is suggested by the following lines 
of jifathias Duval : ^‘Direct experimentation has sliown that e 
functionating nerve is the seat of incrcaj^vd roinhusiion ; tliis 
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is accompanied by the liberation of lieat, the presence of which 
Scliiff lias demonstrated even np to the nerve-centers, under 
the influence of fear, of excitation of the senses, of any cause 
— in a word — wliich produces cerebral activity/^ 

Tjecithin — ‘^a cons])iciious component of the brain, nerves, 
y(‘lk of egg, semen, pus, white blocKl-corpuscles, and the elec- 
trical organs of the ray” — suggests its identity as at least one 
of the sources of energy we are seeking by the fact that if 
merely allowed to stand at the ordinary temperature its solu- 
tions acquire an acid reaction and are decomposed. In the 
intestines it sometimes breaks up into its constituents: fatty 
acids, glycerin, ])hosphoric acid, and dioUn (Howell). Neurin 
is, in reality, cholin, and therefore a decomposition product of 
lecithin. As ]>reviously stated, Tappeiner^^ obtained fatty acids 
as a result of cholic-acid oxidation. These facts, of course, arc 
only cited as mere landmarks to indicate that we are dealing 
with oxidizable bodies. As far as the nerves themselves are 
coiu‘erned, therefore, it seems jirobable that we have in lecithin 
an agency capable, liy the character of its molecule, — Le., car- 
bohydrates, phosphorus, etc., — of acting as a potent source of 
working energy when brought into contact with the oxidizing 
substance; and in cholesterin the main waste-product of nerve- 
catabolism. 

AdmittiT\g, then, that we have in the lecithin of myelin 
a l)ody capable of acting as a source of energy in a way similar 
to inyosinogeii in muscle, how does the oxidizing substance of 
the blood-plasma reach it? The nodes of Ranvier and the 
neurilemma that covers them allow silver stains to reach the 
axis-cylinder, but the myelin itself does not ])erniit of this. 
This suggests that the nodes themselves — i.e., the rings form- 
ing them — may allow the l)lood-plasma to fdter through them, 
tiuis bringing the oxidizing substance in immediate contact 
witli the axis-cylinder. The finer anatomy of nerves indicates 
that such may be the (’ase. Tiuleed, the nodes referred to occur 
at regular intervals, and separate the nerve, as is well Imown, 
into as many segments, which recall, in a measure, the muscle- 
fiber and the liver-cell or, at least, features characteristic of 
both these structures. Tf the blood-plasma can penetrate the 


• Tnppolner: Zeltschrlft fUr Biologic, Bd. xil, S. 60, 1876. 
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nodes of Banvier as do stains, there only lies bi‘twoeii it and 
the axis-cylinder an extremely delicate layer of protoplasm, — 
Manthner s sheath, — which in no way would imjiodo the en- 
trance of the fluid into the axis-cylinder itself. 

The term 'Cylinder” sn^jjests the tubular shape of the 
latter: in accordance with Bcmak’s view that it consists of a 
delicate, longitudinally striated tube, filled with an albuminous 
liquid. The prevailing view, however, is that of M. Schultz, 
wlio considers the axis-cylinder as made up of fibrils uuifi‘(l 
by an intervcuing unknown substanee. This seems to im^ to 
vividly recall the arrangement of museular fibers as regards 
their relation with the blood-plasma: /.c., miiiuti* libers into 
wliieh the plasma, may freely enter. Again, we must not lose 
sight of the fact, in this connection, that the axis-eylinder is 
nothing hut the elongated axon of a neuron, and (hat tlu^ 
fibrilbe now referred to, therefore, repri'sent the iniimale 
structure of a neuron s axon. Now, as Sehiiler liolds that tiiese 
fibrillin arc extremely fim* tubes filled with fluid, and as the 
cliaraetor of this fluid is not known, 1 have good reason to 
believe tliat they are chaaarls for the hlnad-jflasiiia : i.r., for 
ill e ox i (1 iz i ny su hsta nee. 

Hut tlHu*o is another feature which ])oints to the axis- 
cylinder as a channel for the oxidizing substance: i.e., the fact 
that the so-called ‘‘medulla ry slieatlf* — i,e,, the myelin itsi/lf — 
contiiins a sujiposcd “snjiporting frame-work." The stria* ri‘p- 
resenting them were at first tenmul “elefis" or “incisun*s*' by 
Scliinidt, l^autcnnaim, and otliers, but Hanvier c<»nsid(*n’d 
them as protoplasmic septa wliieh subdivide raeli inlernodiilar 
segment of the nerve into several conico-eylindrical cham- 
bers. W. II. Wynn,^- who gives an excellent review of this 
subject and the results of personal re.«carcli(*s, refers in those 
of liczzonico^^ and Golgi, who ^Trom tlie examination of fibers 
treated by a mixture of bichromate of potash and osmic acid, 
and aftenvard by nitrate of silver, find tliat each ( left is. 
oc’ciipied by what appears to be a thread of darkly-stained 
substance passing spirally around the fiber. They con.«ider/’ he 

W. H. W'ynn: Journal of Anat and Physiol., April, 15»00. 

®*Rezzonico: Archivio per le Scl. med., Torino, vol. iv, 1»80; and (.in/.zrtta 
mod. ital. lomb., Milano, vol. i, 1879. 

Golgi: Arch, per le Sci. med., Torino, vol. fv, IRSO. 
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adds, ‘Hhat the supportiiif^ frame-work of the sheatli consists 
of a chain of funnels surrounding the axis-e}dinder, each fun- 
nel being formed by a spiral thread/^ Tizzoni‘‘'’‘ ^‘believes 
that there is hut one net-work closely investing the axis- 
cylinder, and that it is in connrciiori with the slits of Lauter- 
mann/’ j\IcCarthy is stated lo have shown that, ‘Rafter a 
nerve lias liceii hardened with picric acid and ammonium 
(‘hromat(‘, the .medullary sheath contains minute, rod-like 
structures, which jiass rapidly between the axis-cylinder and 
the primitive slieath so as to give the cross-section of a tiber 
tlie ajipea ranee of a wheeh ^Fhe rods stain with carmine and 
ha*nmt()xylin, which do not stain tlie myelin. It is not possible 
to isolate the rods as S(j])arate elements, for they are not dis- 
tinct I'rom one anotlier, but united.’^ Finally he refers to the 
fact that Lautermaun, von Stilling, Foudanowski, and Mc- 
l^arthy all believe that there is ‘“a system of holloiv canals in the 
sheath of the axis-cylinder,’^ and himself reaches the conclu- 
sion that the cones they form are protoplasmic, and not com- 
pos(‘d of neuro-keratin, as is usually held. He divides ^^each 
cone into six segments placed at regular distances apart and 
converging from the jirimitive sheath io tlie axis-cylinder.” 
''riiis is well shown in the annexed illustration, reproduced from 
his paper. If we now consider the segments as canaliculi 
h‘ading from the axis-cylinder, we can readily see how the 
lilood-plasma can jienetrate the myelin and its oxidizing sub- 
stance, and these bodies carry on, when brought into contact, 
a reaction similar to that wliich o(*curs in muscle- fiber. Indeed, 
if the various featuri's (mumerated are collectively considered, 
it will become ajiparent lhat ihe myelin, or white suhslance of 
Sclnrann, when in ronUici with the oxidiziny snhstance of the 
hlood-plasma vnderyoes a reaction in which chemical energy is 
libera ted. 

When we consider that the axis-cylinder is, as stated, the 
continuation of a neuroirs axon, it is not difficult to account 
for tlie various ])henoniena, known under the general term of 
^hierve-degeneration,” — i.e., the disorganization of myelin, the 
dissolntiiui of the myelin, etc., — at the distal end of a nerve, 


^'‘Tizzonl: Archivio per lo Sci. mod., vol. iii, faso. 1, 1878. 
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wlieii tlie latter lias limi cut. A'erv siiiruistivc, in tliis lonnec- 
tion, arc the following lines l»y I’roiVssor llarker'*: “Waller 
[iroved that it a nmtor nervi^ was sevm’iMl there resiilie<l eom- 
pleto (legenenitioii of the liliers in the periplieral eii»l. evtMi 






Diagram of Relation Retwken Lclnoiti iunal ani» Thansveksf 
Sections, Sun Li 

J, at bast? of com-; throufih iniddk* of rom-; through ajux of 
cont?; -1, throtigli iutorval bftwtfu two conos. In 1, li, and Hu* < on*- 
Beginciits and ijrotoplasiiiit* shoaths art* soon. In I only fbt- tbin jo'o- 
toplasinic sliraths b<?noatli primitive sheatb and around axisM yllndtr an* 
visible. (W. II. Wynu.) 


to the muscles whicli they govern, the e(*ntral end remaining 
apparently intact. As a matter of fact, tlie (dianges (diarae- 
teristic of the Wallerian degeneration could not, as a rule, 
he traced farther in the central end than to tiio lirst node 
of Kanvier.’^ Stewart’^'^ states that “in the <legenerated nerve 


“Barker: Lor. cit., p. 740. 
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the substances soluble in other are relatively increased owing, 
in part, to fatty degeneration of the axis-cylinder,^’ and that 
‘‘the })ercentage of phosphorus is markedly diminished (Mott 
and Barratt).” 

Another process which seems to acquire a certain degree 
of light is nerve-regeneration. ■ It is obvious that if we grant 
the axis-cylinder, as the extension of the axon, all functional 
and nutritive attributes, we may easily explain peripheral 
nerve-deg(‘ncration, but not regeneration, the ])eripheral seg- 
ment being unprovided for by reason of the section. We know, 
on the c'ontrary, that a piece of the nerve must be removed in 
ordoj* to [)revent reunion, and that otherwise in two or three 
weeks, and oftei^ earlier, its functions will be restored. Xew 
cylinders and iibrils grow, acquire myelin, and, perhaps, guided 
and assist(‘d l)y (nucleated) neurilemma, soon meet those of 
tlie peripheral segment and become connected with them. 
Physiologic-al functions of a normal kind must underlie this 
pr(«‘t‘ss even in the peripheral end of the nerve; otherwise 
uiitm would not take place. Finally (we can only ‘refer to a 
few of the more prominent processes involved in the vast sub- 
ject now claiming our attention) the functional phenomena 
tliat follow after division of the cord distinctly indicate the 
continuation of nutrition and the functional activity— though 
impaired — in the distal fragment. Foster, for instance, says: 
“In the mammal (dog) after division of the spinal cord in the 
dorsal region regular and apparently spontaneous movements 
may be observed in the parts governed by the lumbar cord. 
AMicn the animal has thoroughly recovered from the operation 
the hind-limbs rarely remain quiet for a long period of time; 
they move restlessly in various ways; and, when the animal 
is suspended by the upper part of the body, the pendent hind- 
limbs are continually being drawn up and let down again with 
r> monotonous rhythmic regularity suggestive of automatic 
ihythmic discharges from the central mechanisms of the cord. 
In the newly-born mammal, too, after removal of the brain 
movements apparently spontaneous in nature are frequently 
obseiTcd. But all tliese movements, even when most highly 
developed, are very different from the movements, irregular 
and variable in their occurrence, though orderly and purposeful 
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in their character, which we recognize as (lisiinctly voluntary.^’ 
Indeed, the nervous energy, that myelin and the oxidizing sub- 
stance procure is that which allows a frog deprived of its 
hemisplieres and its middle brain ‘‘to sink in water as though 
the animal were of load/^ 

The axis-cylinder composed of fibrils into which blood- 
plasma penetrates being continuous with the axon of a neuron, 
we are brought to realize the nature of tlie parallelism between 
the functional phenomena of the latter and tliose of the supra- 
renal glands to which I have already referred. 'Hut we must 
not lose sight of the fact that each “medullated'^ nerve-fiber 
is divided by the nodes of Ibinvier into as many subdivisions, 
and that each internodal segment receives its own supply of 
plasma. Does the neuron receive its supply through tliis chain 
of segments, or, ra flier, through tlie axis-cylinder tliat passes 
through them? That the former mechanism alone jirevails is 
improbable, since so prominent a part of the entire structunj 
as its cell-body, the seat of its nucleus, would hardly be su])- 
plied in so indirect a manner. The very importance of its 
functions betokens the existence of direct supjily. Does such 
a vascular system exist? Fortunately, we liave not fjir to seek. 

The Cihcl’lation op the NKniON. — Darker, in a review 
of the facts that have been adduced for or against the neuron 
doctrine,'^'** concludes that “it may be said, with fairness, that 
the control instituted by hundreds of histologists in various 
parts of the world has practically in every instance in which 
the method of Golgi or the method of lOhrlich lias been cm- 
])loyed gone to confirm the conception that the neuron is a 
unit in the sense of Waldeyer.” The latter investigator’s 
words, giving the gist of his doctrine, are also quot(‘d ; “If 
we review the main advance, made certain by the anatomical 
investigations discussed, it lies, in my opinion, in the sliarper 
limitation, now possible, of the anatomical as well as the func- 
tional elements of the nervoius system (for such we have to 
consider the nerve-units-nenrons), and also the discovery of 
collaterals, with their end-arborizations, by Golgi and S. 
Eamon y Cajal.” The following lines of Waldeyer’s are also 
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quoted : we assume, with Golgi and B. Haller, the existence 

of nerve net-works, the conception . is somewhat modified, but 
we can still retain the nerve-iiniis . . — all of which 
tends to show that, while the neuron doctrine stands on a solid 
foundation, there is a stumbling-block in its way wliich has not 
as yet Ijcen removed. J'^siiecially is this true since the investi- 
gations of Apathy, of Naples, who, after several years’ study, 
has umiuestionably demonstrated the existence of a net-work 
of what he terms “neuro-tibrils.” 

That Apatliy’s ‘‘neuro-tibrils” as well as Golgi and Haller's 
nerve net-works are not nerve-elements, but fine capillaries 
which serve for the (irculation of blood-plasma, seems to me 
probable. In the following extracts the italicized words will 
serve to call attention to the various lirdvS between these struct- 
ures and others that we have analyzed. Professor Barker sum- 
mai’izes Ajiathy’s vi(!ws as follows: ^^Apiithy has been convinced 
for some twelve years that the nervous system is composed of 
two vai'ieties of (‘cllular elements entirely different from each 
other: nerve-cells and ganglion-cells. The nerve-cells, the 
architecture of which is quite in accord with that of muscle- 
cells, givi* rise, lie thinks, to neuro-fibrils. A neuro-fibril, in 
turn, passes out of n process of a nerve-cell and then goes ihrougk 
a ntnnber of (jatKj lion-cel Is, and idtimately, after leaving the last 
ganglion-cell with which it is connected, ])asses more or less 
directly to a muscular fiber or to a sensory cell. The neuro- 
fibrils are, as conductinp siibslance for the nerve-cells, what the 
ni uscle-fibrillfe are as contractile substance for the muscle. The 
pathways to be followed by the neuro-fibrils are predestined 
from the earliest ('inbryonic stages, for they correspond, ac- 
cording to Apatliy, to the iniercellular protoplasmic bridges."' 
4’ hat we have all required elements in su])p()rt of my belief is 
evident; we have stvii that muscle-fibers are, in reality, deli- 
cate tubes; that vascular channels for the transmission of 
bl(K)d-])lasma should be j)roto])lasmic is as obvious as is the 
need of their jienetrating into and out of the cells. 

What appears to me as conclusive evidence is indirectly 
atforded by tlie deductions of Ehrlich, suggested by his study 
of the methods of staining living nerve-cells and their processes 
with methylene-blue. ‘‘Ehrlich found,” says Barker, “that by 
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injection of a solution of metliylene-blue clissolvetl in sail solu- 
tion intm vtfatH into the hlond-rcsscLs of an animal, the arts- 
cyhtidrrs of many of Ihe nerve-lihers (see I'i^r. 1), as \\(‘ll as 
numerous (particularly sensory ) nerve-emlin^jfs (see Fiir. ^ , 



Fig. 1.— Nerve-fibers from a Frog Injected with Methvde.ve- 
BDUE (Method of Ehrdicii). {After KuHikvr .) 

The axis-cylinders are stained dark blue. In places the niyelin 
sheath is somewhat stained. The nodes of Uarivier and the divisions of 
the fibers at some of the nodes are well shown. 


were stained after a time, wlien exposcHl to the air, an intense- 
blue color, the other tissue-elements remainin^t little^ or not at 
all affected.’^ It seems clear that, if a solution introilueed 
through blood-vessels can stain the axis-cylindei*s, the liquid 
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within the latter must be more or less a continuation of that 
in the blood-vessels. Again, I have suggested that the blood- 
plasma, including its oxidizing substance, was the liquid in the 
axis-cylinders; that this is true is shown by Ehrlich^s observa- 
tion that ^^the conditions in the nerve-structures essential to 
the mcthylene-blue reaction” were, he thought (1880) : ^^(1) 
oxygen saturation; (2) alkalinity.” 1 have shown that these 
are the essential attributes of blood-plasrna. 
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Fig. 2.— Sensory Nerve-ending Stained with Methydene-bdub 
(Method of Ehrlich) in the Exocardium op the Left Auricle 
OF A Gray Rat. {After Sminwiv .) 


Til is secMiis to me to alford an insight into the physiological 
cbemistry of the axis-cylinder of the neuraxon when a short 
distance' below the latter it has become a inedullatcd nerve. 
IndiHMl, the prevailing view that the myelin represents a pro- 
tective and insulating coat may at least be said to be open to 
doubt, especially when coupled with the facts that its chemical 
com]>osition is unknown, and that there is another external coat: 
the neuro-keratin neurilemma, which suggests, by its composi- 
tion, tliat it is an isolating covering and that it also fulfills this 
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role in non-medullate<l nc'rves. That the myelin is tlie seat of 
a combustion process during which Jieat is liberated and a de- 
composition product, cliolin, is formed, we have seen. If we 
now consider the composition of the active I'omponmt of 
myelin, lecithin, i,t\, carbohydrates and }diospliorus, and its 
analogy, as regards carbohydrates, to myosinogen, the prob- 
ability that it serves as a source of energy, as iloes the latter 
when in contact with oxygen, suggests itself. That such is the 
case, however, is shown by the fact that tlie contents of tlu' 
neuraxon or axis-cylinder fullills the conditions ncci‘ssary for 
methylene-blue staining, as laid down by Elirlich, oxygen 
saturation and alkalinity, the characteristics of blood-plasma. 
Indeed, it seems to me })ermissible to (*om4ude that: — - 

1. Myelin, or Ike while siihstancc of Schwano, /’x lo nerve- 
structure what myosinoyen is to nnisvle-llher : i.e., ih innnanenl 
source of energy. 

The axis-cylinder and the canaliculi derived therefrom 
are made up of fibrils that serve as channels for blood-plasma. 

S. A part of this blood-plasma peneiraies into the axis-rylin- 
der through Ranviers nodes. 

Jf. Lecithin, a body composed mainly of hydrocarbons and 
phosphorus, the active constituent of niyelin and a prominent 
component of the electric organ of the ray, when exposed lo Ihe 
action of the oxidizing substance liberates energy: i.e., nervous 
energy. 

Continuing our quotations from IVofessor barker’s arti- 
cle, I will introduce the various points of comparison wliicli 
appear to me to sustain my inter|)retation of Apathy’s neuro- 
fibrils. ‘‘Inside the ganglion-cells a ndiciilum of fine lil)rils 
derived from the neuro-filirils in transit can be stained a Ix'au- 
tiful deep-violet color hy Apathy’s chloride-of-gold method.’' 
Tliat the latter method can I)e considered as similar in action 
to the methylene-blue method and that tlie stain follows the 
same channels and affects the same chemical constituents of 
the plasma is shown by the following remark of Professor 
Barker’s: “With a little care and a good sample of methylene- 
blue the nerve-endings and the axis-cylinders of medullated 
fibers, with wdiich they are continuous, can l)e stained in a 
way far surpassing in constancy and completeness the best re- 
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suits of the uncertaiu gol(l-(4ilori(lo procedure/^ As tlie methy- 
lene-blue and a .modified c'hloride-of-go!d stains were those 
]nainly used by A])athv, no eonrusioii can oc'ciir on tliis score. 

Indeed, if we convert all of Apathy’s neuro-fibrils into 
minute capillaries, their identity as inherent parts of the gen- 
eral circulation is ])laced on a solid foundation by the following 
remark of Trofessor Barker’s: “'I’lie doctrine of the ril)rillary 
nature of tiie axon and unstainahle portion of the protoplasm 
of the nerve-cell has reccuitly r(‘ceiv(Ml su])])ort from tlie studies 
^)f Inigaro-*” and Levi.**** 4’he former, too, in his studies of the 
n(‘rve-C(*ll under patliological conditions — for example, after 
poisoning with Irad and arsruic — finds that the fibrils may be- 
come very distinct in the nerve-(*ells.” That this directly points 
to the one system through which tlie morbid chang(‘S can occur, 
i.e., the adrenal systcmi, ami fhat it pr(‘cisely coincides with the 
foregoing remarks bearing upon this system, is (‘vident. 

Tlie similarity of the neuro-fibril, on the one hand, to the 
axis-cylinder and its cell-body extensions, on the other, now 
bei'omes a normal ('onse((uence, “Bach neuro-fibril is,” Apathy 
states, ‘hnacle u]) of a large* number — near its origin, at any rate 
— of ‘^elementary fibrils,’ and in the course which it follows ele- 
mentary fibril he are being given otf at short intervals until 
finally the neuro-fibril itself may be reduced to a single ele- 
mentary fibril.'’ The filirillary structure of an axis-cylinder is 
as clearly reproduced h(*ri* as it can well be; the giving off of 
fibrils but typifies the irregular dislribution of “non-medul- 
lated” nerve-fibers, and particularly tho.«^e of the ‘^sympatlietic” 
system. 

All this recalls a structure which appears to me to he inti- 
mately connectc'd with the general circulation, the neuraxon 
and its c(‘llular (‘xtensions, and Ajmthy's .neuro-fibrils — all 
being considere<l as (*om]K)nent })arts of the general vascular 
system; i.e., \4rchow's neuroglia. 

The pivvailing view concerning the role of this structure 
is that it affords a sup|)orting frame-work for the nervous ele- 
ments. Both in the white mailer and gray matter the medul- 
la ted nerve-fi))ers are separated one from the other by a 


^^Eugaro: RivisU dl patol. norv. e mentale, vol. i, 1896. 
^"Lovi: Rivista di patol. nerv. e meiit., vol. i, 1896. 
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iict-work of glia-fibors. In the gray siibstaiiuo, liowuvor, I ho 
neuroglia, tlioiigli present, in greater abniulanee, as a rule, than 
in the wliite substance, varies eonsiderablv, llu' net-\v<>rk (►!' 
fibers being especially thick in certain jiarts. ‘‘The neuroglia 
is present in greatest, abundance in the gray matter iininedi- 
ately surrounding tlie central canal of the cord and th(‘ ven- 
tricles of the brain (the cjiendyina, as it is called)/' says 
Stewart’*^ : a suggestive feature in connt'ction vith tlu^ views 
submitted in the ])resent chapter. The lUMiroglia-c'i'lls, as is 
well known, are of two kinds: those ])rovided with mossy pi’oc- 
esses and those that have smooth extimsions. A lai’ge number 
of investigators still consider that the latter rej»ri‘sent triu* 
[irocesses, and tliat, liy freely anastomosing, lluw make up th(‘ 
mesh-work which surrounds the nerve-cells anil thiar prolonga- 
tions. Ihinvier, however, aftiM* a searching study of the sub- 
ject, was led to conclinle tliat the smooth jiroccsses of these 
(stellate) gli.a-cells, were in reality neuroglia-libers which 
merely passed tlirough the latter in all dii’ections, without 
forniing part of the cellular striudure pvr sr. \\’(‘ have si'i'ii 
that Apathy’s neuro-librils, when they hd't the “nerve-(*ell," 
also [lassed iJfroi(()h tlie cells after forming a reticulum in the 
latter: a feature which suggests that ApatJiy’s neuro-libril and 
the neuroglia-fiber may be structurally similar. 

It was formerly thought that neuroglia was a vari(‘tv of 
connective tissue, but this view no longer jirevails, Inih'iul, 
so distinct is the latter from neuroglia that the two structuri^s 
can be differentiated from each other by the siinplest tests; 
thus, Kanvier and ^Malassez found that connectivi* tissiii* placed 
in cold water was not modified after several days' maci'ration, 
whereas neuroglia-fibers were complet(*Iy d(‘stroyed after two 
or three days. On the other hand, connei'tive tissue was com- 
pletely destroyed by prolonged boiling in water, while mui- 
roglia was hardly altered under similar conditions. 4 he sug- 
gestive relationship between Apatliv’s neuro-filirils and glia- 
fibers offers some ground for the belief that glia-fibers are also 
nervous elements. I'his appears to be sustained by th(‘ fact 
that identical results ensue when nerve-fibers and connective 
tissue are submitted to the last of the two tests mentioned, the 


^ Stewart: Physiology, p. 671, 1900. 
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nerve-fiber being merely rendered opaque^ while the connective 
tissue is destroyed. As the latter is gelatinous, its destruction 
is easily accounted for, but Avhy should the nerve-fiber be ren- 
dered opaque? Evidently non-medullated fiber had been used 
in the test, for mcdiillated fiber is always opaque, while the 
non-medullated is translucent. 1 am led to suspect, in view 
of my belief that the axis-cylinder of a nerve contains blood- 
plasma, that it is the latter which became opaque during the 
boiling process. This is an important feature, for it would 
mean that neuroglia-fibers also contain plasma. 

The identity of neuroglia-fibers as plasma-channels be- 
comes emphasized when tlie morbid effects of poisons upon 
tiiern and upon their cells are studied. Berkley**^’ found the 
cell-bodies of the vascular neuroglia ^‘larger, the protoplasmic 
extensions''^ being ^Thick and knotty and the arms extending 
toward neighhoring vessels more prominent tluin in the normal.’^ 
This w'as noted in slides derived from animals submitted to 
experimental acute alcoholic poisoning. When we consider 
that alcohol j)rimarily stimulates the adrenal system wdth great 
violence and that the neuroglia closely invests the blood-ves- 
sels, it seems pennissible to surmise that the thickenings and 
knots are dilations due to the centrifugal j)ressure of the plasma 
derived from the capillaries. Especially does this seem prob- 
able wdien the fact that “capillaries, like the intermediary ves- 
sifis, are tortuous and twisted’^ is added to the rest of the 
evidence. And these alterations, besides an “exceeding abun- 
dance of the |)olyniiclear leucocytes in and around the cerebral 
vessels,"' (dc., are not })ecu]iar to alcohol, for Berkley emphasizes 
ihe fact — demonstrated for the first time — ^that the lesions 
produced “are very similar to the j)atho]ogical lesions produced 
by other more virulent soluble poisons”: additional proof that 
the adrenal system underlies the morbid process. Seniin- 
f)oisoning was also found to cause great sw'elling of the bodies 
of fhe vascular neuroglia, “thick groups of these swollen cells” 
surrounding “nearly all the vessels of any size in the gray 
layers.” In ricin poisoning Berkley found the cell-bodies 
“universally much larger than the control,” and “apparently 


Berklt'y: Johns Hopkins Hospital Reports, vol. vi, No. 1. 
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swollen^ even globular in oulline,-' The extensions were also 
thicker and more nodular. “Are these elements, which belong 
to Uie hjniphniic a])j)aratus/' ([ueries the author, “taking up 
(lelriius Trom the degenerating protoplasm ol* the nerve-cells 
and becoming engorged?"* The eom*lusioii that they belonged 
to the lymj)hatit* s\stem was r(‘ach(‘d Ix'cause they were found 
to ('ontain Avhich^ in I he language of »Iohannes ^liilhu*, 

is “blood without its red (MU-piiscles*' : i.r., blood-plas^ina, and, 
nf cours(?, its du(‘ proportion of o\i<li/ing suhstaiU'C. 

hiVid(‘ntly then, it is the plas}n(t found in llu‘ capillaries 
of cellular elements of all organs which, crowded by excessive 
hack-pi*essur(‘ (due to tlie mark(‘<l (oiitraction of th(‘ central 
vas('ular trunks imluc(‘d by tin* jioisons), ('ausi‘s tiu' endothelial 
|)lates or cells t-onstituting the walls of what llerklcy terms tlu‘ 
“intrrmediary vissels" to look, using bis woiuls. “as if they 
bad bee!i subjc'ctcd to srvrrr sintiit." as their (‘ven walls have 
“ma?iy irregular hnhps in tlaur outlini‘s.'' 1diat tin* mmroglia- 
(ibers are tin* channels through which it is ti'ansmitled is also 
suggest(d by a remark mad(‘ in (‘onneetion with th(‘ (dVects on 
th(* g(Mnmules. the retenti<m of which, writ(‘s l>erkley, “clearly 
shows that the swelling comes from irllhin l1u‘ s\ibstance of the 
stem and push(‘s the gemmula*, which are still adhenmt, oiit- 
irardltf and aj>art/'' 

Does a direct connection between the neuroglia-libers and 
tlie protoplasmic processes of neurons exist, as sugg(‘sted by 
the fact that Apathy's inuiro-tibrils are stated by him tr) pcuic- 
trate the cell-J)o<1ies — providtal his fibrils are. glia-filau's? I'o 
establish this uj)on a tirm basis, the thicktming, bulging, etc., 
found by Berkley upon th(‘ vascular lumroglia .must also be 
shown to extend to the processes of the neuron. 

(^olgi has expressed the opinion tliat th(* greater part of 
the nerve-cell — i.e., the entire stnicture exc(*f)tirjg tlie axis- 
(‘vlinder — was concerned with its nutrition: a view xvhich met 
with considerable dissension. Among the opponents of this 
int(Tpretation was Fond,"*'* who contimded that the entire ctdl 
was simultaneously endowed with nutritional and functional 
attrilmtes. This conception was defended by Kamon y Cajal, 

^Forcl: Archiv fUr Psychiatric und Norvenhcllkuade, vol. 1887. 
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and seems likewise sustained by our analysis, so far. Indeed, 
we have seen that the axis-cylinder, if iiiy interpretation is 
sound, is able, through the presence of its coat of myelin and 
its plasma-containing fibrils, not only to supply chemical — 
probably nervous — energy, but also to undergo nutritional 
metabolism. Can we say the same of the cell-body of the 
neuron ? 

We have seen that the fibrils penetrate the nerve-cell, and 
that various jioisons, as sliown by Lugaro and Levi, cause them 
to become ‘‘very distinct.” 'Referring to the intracellular 
distribution of the fd)rils. Barker says of Apathy: “He de- 
scribes tlio finer jierijdiejal neuro-fibrils as follows: Tliey are 
seen to entm* the cell-body and ])assing out to the peripheral 
part of its protoplasm, there to break up into a complicated 
plexus composed of anastomosing elementary fibrils in the 
outer chromatic zone. From this ])eripheral plexus there pass 
througli the ‘inner alveolar’ zone radial branches to the in- 
ternal chromatic zone, in which is to be seen another fine 
plexus of eleuKUitary fibrils, which, anastomosing and converg- 
ing, finally form the single strong motor neuro-fibril, which 
pas8()s out of the cell tlirough the very center of its jjyriform 
process. In other animals studied by Ai)athy there are cells 
with definite dendrites entirely se])arate from tlie axon and in 
tliese the cellulipetal neuro-fibrils enter hi/ way of the dendrites, 
ramify and anastomose freely inside the ceil-body, and then, 
reuniting, take their exit from the eell by way of the axon. 
Similar relations exist in the ganglion-cells of the vertebrates 
which lie has studied thus far,” 

This strikingly coincides with the course of the plasma- 
fibrils or capillaries as I interpret it. Indeed, if the fibrils 
enter the cell, form a plexus therein, and pass out “by the way 
of the axon”: fibril, j)lexus, and axon represent a continuous 
(‘hannel which must contain plasma, since I have ascertained 
that the axon contains this fluid. Again we obtain a clear 
indication as regards the path of the blood-stream: it enters 
by the dendrites and passes out by way of the axon. It is with 
the dendrites, therefore, that the vascular neuroglia-fibers 
found thickened, globular, etc., by Berkley in his poisoned 
animals must be connected. But this fact suggests that these 
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structures should likewise present irregular swellings under 
the influence of the same agencies, and that the axis-cylinder 
should show less, the intracellular fonnatioii of j)l('xuses and 
miastonioses inieiposiiig a barrier to tlie too free j)assage of 
plasma. That siuli is actually the case is illustrated by the 
annexed plates by Iku-klev, which re]u*esent the lesions found 
in the neunjiis of the ])oisoned animals to which reference has 
been ma<le. 

If the protoplasmic j>rocesses or dendrites are the lirst to 
bear the brunt of the vascular engorgement, the plasma l)eing 
(rarried to them through fibrils ('onnected with tlu‘ir ti})s, these 
tips or extremiii<'s should first show evidence^ of (he expansile 
jnvssure. This is well illustrated in Fig. 1, a ^^psifchiral cell 
from the setMUid cellular layer of the cortex;’’ whicli shows, using 
Herkley’s words, “a h*w pathological tumefac't ions on the* u])p('r- 
most brandies of (Ik; apices of the apical dendrih'. Otluu*- 
wise the ctdl is normal.” 1'his cell was S(‘li‘ct(‘d from a section 
derived from the brain of an animal poisom‘d witli ricin, deatli 
having occurred in thirty-six hours. A t’(‘ature of ini))ortanee, 
however, is tliat it is the innin, or ajiical, dendrite — that giving 
ofl‘ the great(‘st nninlier of subdivisions — which sliows the evi- 
dences of engorg(unent ; the (‘xtnunities of the other dendrites 
are not thickened, hut they show more or h^ss marked evidemces 
of engorgeinent as the main trunk is aj)]>roached. This ob- 
viously suggests that the phmna ])enet rates the neuron by way 
of the main dendrite and that it finds its way into its col- 
laterals cellulipetally ; in other words, that, instead of also 
entering these (ollateral branches by way of their tips, it is 
supplied to them by the main trunk — precisely as if it were 
the main stalk of a plant. Of course, this does not mean that 
the apices of the collaterals may not subsecpumtly show thick- 
enings; being terminals, tliey should naturally do so when the 
pressure exceeds a given limit. This feature is illustrated by 
Fig. 2, especially by the larger stem of the main trunk. This 
cell, a projection-cell from the second layer of the cortex, shows 
the effects of forty-eiglit hours’ ricin poisoning: i.e,, of some- 
what more prolonged engorgement. 

Worthy of special notice, also, is the fact emphasized by 
Berkley (referring to Fig. 2), that: "there is now distinct 
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dinuniition of the geiniTuilju wlierever the swellings are found” 
— which suggests that these minute balhtipped projections from 
all collaterals are stnicturally similar to them, and that, when 
tlie engorgement exceeds in centrifugal pressure the resistance 
of a given area, the walls of the latter, including the gemmules, 
are more or less flattcaied out. Suggestive, likewise, is the fact 
that all the gemmules stand out Ixddly in both preparations. 
As many as thii*ty-six or foity-cuglit hours having elapsed be- 
fore death ensued, tlie animals were evidently submitted to a 
primary jxiritnl of intense stimulation, during which the gem- 
mules were overdist(‘mled to such an extent as to cause them 
to los(! their l•(*^ ractile ])roperty. Iruh'cd, the sudden cessation 
of adrenal functions and consequent death must have left the 
(‘crehj’al structures much as if the animals had been suddenly 
killed. 

Of marked intiu’i'st in h'ig. is the presence at the ex- 
tremity of the main, or apical, dendrite of a section of what 
apjHairs to me to r(!])resent a tih(*r or capillary from which the 
neuron with which it is ('onnected might have derived its blood- 
supply. Tlie fact that it crosses its path suggests tliat the den- 
drite itsc'lf may he a branch of the vi'ssel. Ih?rkley describes 
this neuron as follows: ^‘Projection-cell of the long apical 
process variety, showing numbers of large swellings of the pro- 
toplasm of the apic'al demdrite*, thinning of the ])rotoplasm of 
the stcmia in the intcu’val between the nodules, and considerable 
loss of the gemmula* along tlie margins. The lateral branches 
hav(^ mainly disappeared. The basal processes are retained 
intact.-’ 

'JMie nodules seem to me also to illustrate the process 
through Avhieh the collat(*ral libers heconu' detached from the 
main stivm, as shown by the denuded cells represented by Figs. 
4 and 5. The thinning of the plasma between the stems would 
account for the manner in which the lateral branches are de- 
tached, viz. : when the apical dendrite becomes sufBciently 
engorged the plasma ceasc's to circulate in one or more of the 
nodules, and the intervening protoplasm, failing to be nour- 
ished, disintegrates. 1’hat the basal processes should be the 
last to yield in tliis cell (corresponding in this with the condi- 
tion of the same stems in Figs. 1 and 2 ) seems but normal 
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when we consider their ])roxiinity not only to tlie cell-body, 
which contains a lar^^e supply of fibrils, but also to the axis- 
cylinder ((u\ in the drawings), which is the only centrirugal 
channel through which the cngorgtMl plasma can escape. 

A feature of the cells shown by Figs. 1, 2, and whi(*li 
strikingly links them to the adrenal phenoincjia brought on by 
toxics in the general organism is the fact that, alibough they 
arc derived from animals in which tlie doses of i-icin injc'cled 
were reduced with each animal, the morbid idienonuMia as ex- 
emplified by each cell in turn are correspondingly inhmsified. 
In other words, the adult rabbit rej)resented by Fig. 1 was given 
subcutaneously a dose of 0.5 milligramme, and death o('curred 
in thirty-six liours: the cell only shows a])ical lesions. 1'hc 
second adult rabbit was given llu‘ half of tiui ])r('vious dose, 
i.c., 0.250 milligraniine, and d(‘atb oecuri'ed in forty-eight hours: 
the entire apical dendrite and two of the collaterals are dis- 
tinctly involved. The third adult rabbit was given the half 
of the last dose: L(\, 0.125 milligramme, and death o(*cnrred 
in seventy-two hours ; the apical dcuidritc is markedly si added 
with thickenings, and all hut two of its collaterals have dis- 
appeared. It is, perhaps, unnecessary to lay stress Uj)on the 
fact that this is due to the prolongation of the exc(‘ssiv<* vascular 
tension: i.e,, of the time during which central vascular con- 
traction caused peripheral capillary cjigorgenuait. And this 
need not he ascribed only to ricin. Iicrklcv eniphasiz(‘s this 
asse*rtion wlien ho says: ‘"The poison rirui, whose action is in 
nuiiiy ways similar to that of many ioxalbumins of harlrrinl 
source, is capable of exerting a de(‘p and extensive degoncu’ative 
inlluence on the })roto])lasin of the nerve-cells of the brain.’’ 
And this may furtlicr h(* extended to other toxics, for he* also 
says: ^‘Foisoning with alcohol in considerable doses, continued 
over a moderate time, will produce decided and as(;(‘rtainal)lo 
lesions of the nutrient stnietures and nervous elements of the 
ccrehriim, very similar in eliaracler to tlui pathological lesions 
produced by other more virulent poisons.” AVe llins have (*vi- 
dence in support of my opinion that poisons rnpuhle of causiny 
congestion of the cerebrospinal and other nervous tissues do so 
by raising the blood-pressure and by thus driving the adren- 
oxidase^Jaden plasma into their neuroglia and neurons. That tlie 
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alterations in the elements of the neuron should be due to the 
same centrifugal pressure that prevails in the capillaries of all 
peripheral stnictures is obvious. Finally, the fact that phenomena 
witnessed occur under the influence of congestive poisons affords 
the complemental evidence in favor of my contention that a 
neuron is dircclly connected with the circulation by one or more 
of its dendrites, which servh as channels for blood-plasma. 

Even the hoGmorrhagcs brought on by excessive pressure, 
cpistaxis, havmatcmesis, ha*maturia, etc., are exemplified in the 
engorged neuron shown in Figs. 6 and 7, and also from Berk- 
ley’s series. The observation of Apathy’s, therefore, that his 
‘^cellulij)etal neuro-fibrils enter by way of the dendrite, ramify 
and anastomose freely inside the cell-body, and, then reuniting, 
take their exit from tlie cell by way of the axon/’ finds its appli- 
(‘ation if, as interpreted by myself, his neuro-fibrils are con- 
sidered as blood-plasma channels* 

Still, the identity of the fibrils in the cell-body as blood- 
capillaries has so far only been suggested by the fact that they 
are continuous with the plasma-containing axis-cylinder and 
fibrils. While tliis constitutes strong evidence, the fact that 
they are blood-channels can only be determined by ascertaining 
the nature of the process in which the plasma takes part. This 
may probably be done by inquiring into the composition of a 
neuron’s ground-substmice. 

TiIK PllYSIOLOCilCAL CllEMISTUY OF THE NeUUON. — What 
is the nature of the ground-substance: i.e*, that between the 
fibrils? After reviewing this subdivision of the general sub- 
ject Barker says: “A neuron is made up, like all other cells, 
of nucleus and protoplasm. In the latter a centrosome and 
an attraction-sphere are present; at least it lias been dem- 
onstrated in a certain number of nerve-cells. Tho protoplas- 
mic portion of the cell can be roughly divided into a periph- 
eral exoplasmic portion and a central endoplasmic portion. 
In neurons, as in muscle-cells, though less distinct in the 
former than in the latter, there is a tendency to a fibrillary 
structure, the fibrilhe tending to occur in the peripheral ex- 
oplasmic portion of both nerve- and muscle- cells rather than 
in the endoplasmic portion of the protoplasm. In both exo- 
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plasm and endoplasm there can be made out in tissues which 
have been fixed a more or less homogeneous ground-suhstance 
in which are deposited larger and smaller masses of a gran- 
ular nature. The ground-substance corresponds in tissues 
fixed with alcohol and stained by the methods of Nissl and Held 
to the ^unstainable substance’ of Nissl, and the masses of gran- 
ules to the ^stainable substance’ of Nissl and the pigment. 

^‘^The ^stainable substance’ of Nissl in healthy animals of 
the same age and species, with the same method of fixing and 
slaining, is tolerably constant in api)earanco and arrangement 
in the cell-bodies and dendrites of the same group of nerve- 
cells: a fact of extreme importance for nerve-anatomy and 
pathology. Tlie axons appear to be entirely devoid of the 
‘stainable substance' of Nissl. Whetlier tlie stainable sub- 
stances represent bodies ])recipitated from solution through tlie 
action of reagents or bodies pre-existent, tbough invisible, first 
brought into view tlirough the action of fixing or staining re- 
agents in tlie hardened tissues, in cither case they appear to 
yield the chemical tests charaderis'lic of the group of nueleo- 
albumins. Whether tlie staining reaction cliaracteristic of the 
stainable substance depends upon chemical relations or upetn 
purely physical conditions must, for the present, remain un- 
decided. 

^The hinstainable jiortion’ of the cell-body, — that is, the 
ground-substance, — though probably functionally much more 
important than the stainable, is not so well understood; its 
nature and structure are still as obscure as those of protoplasm 
in general.” Still, the link with features previously brought 
out by our analysis now seems w ithin reach. 

Held has maintained that the stainable Nissl bodies repre- 
sent simply substances jirccipitated from solution by tlie action 
of fixing mixtures; Fischer w^aa led to the same conclusion. 
Barker says, in this connection, that he repeatedly convinced 
himself of the homogeneous appearance of the protoplasm of the 
nerve-cell when it is examined immediately after the removal 
from the living body. That the ground-substance is homo- 
geneous, and that the un.stainable portion is a product of dis- 
sociation of some of its constituents, are therefore probable. 
But the stainable portion we have seen has yielded the chemical 
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tests ^‘^charaeteristie ot' tlie group ol' nucleo-filbununs.” We are 
not, therefore, dealing with the group of nitrogenous fats to 
which lecithin, tlie main constituent of myelin, belongs, but 
with wdiat probably represents, not a mere artifact, but an in- 
dividual constituent wliich is precipitated by the fixing mixt- 
ures. It is important to determine, tiu'refoi’e, the exact na- 
ture of the jXissl “bodies,” and pej-ha]>s l)y a pro(*ess of exclusion 
ascertain that of ilie unstainable substance. 

“Held,” says l*rof(‘ssor Barker, “undei’took a. most careful 
and exact ('hemical study of tla^ granuhs in alcoliol tissues. 
Thus, lie found that tlie Nissl bodies are insolii})le in dilute 
and concentrat'd mineral acids, in acetic acid, boiling alcoliol, 
cold or boiling ether, and in ('hloroform. On the other hand, 
they are easily solulile in dilute and concentrated alkalies. 
With pepsin and hydrochloric-acid digestion he found that the 
ground-mass of the protoplasm vanished and that the Nissl 
bodies alone remained undigested: the reverse of what occurred 
on treatment with an alkali, ^hhe Nissl bodies yield(‘d no reac- 
tion with MillonV or Adamkiewicz\s reagent. Held obtained, 
liowover, sliglitly positive results with Lilienfehl and Monti's 
microchemical lest for pliosphorus, and a considerable ([uantily 
of the gray matter of the spinal marrow after digestion with 
pepsin and hydrochloric acid examined 1)V >Siegfried, of the 
physiological lahoratoi’v of Leipzig, showed the jiresence of 
phosphorus. Held (‘oncludes, liowever, from these various re- 
actions, that the iNissl bodies belong to the group of tlie nucleo- 
albumins: a view which agrees with the investigations of 
Halliburton, who found in the gray matter a micleo-albumin 
whicli coagulated at from 00 ° (o (10° (/. and wliich contained. 
as much ax O.o per vent, of /iZ/ox/d/o/v/x/' 

Tli(^ large projioriion of jihosjihorus further sustains the 
preponderating role that the oxygen of the jilasma must play 
in the neuron, owing to the activity of the reaction between 
these two elements, it also indicates a close relationship be- 
tween the neuron and all other cellular structures of the or- 
ganism. '^^Idius, referring to Held, Barker says: “He asserts 
that in nunuu’ous experiments with liis method (forniol freez- 
ing) he has found in the mo.s*/ different organs constituents of 
the cell-body which behave not only tinctorially, but also inor- 
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phologically, exacihj as the slainahle sttbshincc in nerve-coils. 
Jle deserihed tliom in tjItnul-wWa, /ircr-cvW^, in cells i)!' the 
[jnncvc(ii<, in the cells of some sarcomatous tumors, in i*ertain 
coitneciivc-iissuc cells, but especially in normal and j)athological 
lf/nipli-()l(n{([s. (’ajal*^ also asserts that the stainable substance 
of Xissl is not s|H‘cific lor llu* nervc'cells, as lu' has demon- 
strated its j)rt‘sence in eei'tam ot* the Iriirorjites and of the con- 
tH'i'lire-lissnr clrntatfs." XissTs bodies a|)[)(‘ar to me, th(M’eror(‘, 
as constituting an organized com]ion(‘nt of the ground-sub- 
stance ol' th(‘ neuron, a nucleo-alI)umin rich in j)hos|)horus, 
Avhich, judging [‘rom its similarity to a Jarg(‘ number of c(‘llular 
structui’es (‘Is(‘\vh(‘r(‘ in llu^ organism, rrprcs-rnls Ihr cvll-stnict- 
urc itself, |)rccis(‘ly as is the be])atic cell \vlu*n frei* from gly(*o- 
gen, ])ile, or the ng('nci(‘s fi’om which tlu'sc* ar(‘ d(‘riv(‘d. It is 
to th(‘ neuron what tlic muirihanma, ]\Iaut hmu’V sluNith, i*te., 
are to llu' intcrnodal segment of a nerve, and im-ludi's — as 
does tile protojdasmic numibrane of Schwann — the nucl(‘olated 
nucleus. 

'Idle unstainahle portion must b(‘ tbe (‘(|uival(‘nt of myelin: 
tin* white substance* of Sediwann. We have seen that this is 
also unstainahle. Mven picrocarmiiu' do<‘s not stain it, and 
Itanvier slat(‘s that the axis-cylinder Ix'eomes stained at the 
nodes because there is no myelin in this region of the nerve, 
ddie similarity between myelin of the nerves and that of the 
ccrebro-spinal syst(*m is emphasized by Foster when he says: 
“Obviously the fat of the white matter of the central nervous 
systcun and of s])inal nerves (of wliich fat by far the greater part 
must exist in the medulla, and for nearly the whole of tlic 
nu'dulhi) is a v(*rv complex body indeed, especially so if the 
cholesterin exists in combination witli the h*('ilhin, or eerehrin 
(or protagon). Being so complex, it is naturally very unstable, 
and, indeed, in its stability resembles proteid matter.’^ Tliis 
also suggests, liowever, that prohigon, a nitrogenous l>ody con- 
taining phosphorus isolated ]»y Liebreicli from brain-substance, 
may be the unstainahle substance we are siK'king. Ifoppe Sey- 
l«*r and Diakonoff, having found it to be composed of lecithin 
and eerehrin, the direct connection with the former is not re- 


*Cajal: Revista trimest. mlcrograflca, vol. I, No. 1, Marr-h, 1890. 
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moved. J^rotagon readily breaks up into its constituents. 
Jlowell stales tliat, “while protagon seems to be regarded as 
tlie ])rincipal form in wliich lecithin occurs in the brain, simple 
lecithin is believed to be present in the nerves and other or- 
gans,” and he refers to Noll/"* who found “the quantity of 
protagon in the spinal cord may amount to 25 per cent, of 
the dry solids; in the brain, to 22 per cent.; and in the sciatic 
nerve, to 7.5 per cent.” That it is diflicult to analyze this 
question is suggested by his closing remark: “Hegarding the 
synthesis of lecdtliin in the body, or the physiological im- 
j)f)rlance of the substance, nothing is known.” We have seen 
ihe imj)Oii;ant role that it probably plays as myelin; its pres- 
ence in. such large ({uantities, as a constituent of protagon, in 
the cerebro-spinal system ])lainly points to it as of the unstaiii- 
al)le ground-sul)stance of the neuron. 

W’hat is the role of cerebrin, which, with lecithin, forms 
])rotagon, and from which it is readily separated? In a study 
of the ch(‘mistry of neive-degencration I falliburton and Mott**” 
refer to the fact that they had jireviously shown that in general 
paralysis of the insane “the marked degeneration that occurs 
in the brain is accompani(‘d by the passing of products of de- 
generation into lh(‘ spinal Iluid. Of these,” says the authors, 
“nucleo-prot(‘id and cliolin are those which can be most readily 
detei'ted. Oholin ('an also be found in the blood.'’ Having 
continued this work, they now find “that this is not peculiar 
to the disease just mentioned, but that in various other de- 
generative nervous diseases (combined sclerosis, disseminatixl 
sclerosis, alcoholic neuritis, beriberi) cholin can be also de- 
tected in the blood.” I’be tcvsts that they employed were 
mainly two: (1) “tlie obtaining of tlie characteristic octahedral 
crystals of the platinum double salt from the alcoholic extract 
of the blood"; (2) a physiological test — and a very interesting 
one, I may add, if the functions of the adrenal system 
are included in the process, namely: “the lowering of blood- 
pressure,” which the authors consider as “partly cardiac in 
origin and partly due to dilation of peripheral vessels,” and 


*®Noll: Zt’it.schrift fiir physiol. Chcmic, Bd. xxvll, S. 370, 1899. 
Halliburton and Mott; Journal of Physiology, Feb. 28, 1901. 
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^Svhich a saline solution of the residue of the aleoliolie extract 
produces/^ This fall “is abolished/' ihey further state, “if the 
animal has be(*n atro])inized.'‘’ 1 may ineidentally remark 
that these few lines embody the pathogenesis of most neuroses 
attended with degeneration, viewed t'rom my stamt point, since 
we liave here the j)benomena incident upon arrest of function, 
auto-intoxication, and toxic su])rarenal insunicienev. Hut di- 
rectly bearing upon the subject in point is tlu‘ evi^lent iden- 
tity of cholin as a j)roduct of degeneration. It “lias its source 
in lecithin decomjiosition tand putrefaction,'' says Howell. 
But it is likewise, as wa liavc seen, a waste-jirodiu-t of normal 
nervous-1 issue nudabolism, being eliminated with tlu‘ bile in a 
modified form. Tliat cerchnn is also a pnnlnrt of putrvfnrtion 
and of plnfsiolof/ii'al in< l(fholisnt is suggested by two fac'ts: it 
is found in pus-corpuscI(‘s and iks formula and that f>f cholin 
present consideraiile analogy. Kven taking as standard that 
furnished by II. Miiller, which has given ris(‘ to eonsiderabh* 
controversy, cerebriii is ^\ 7 H.,.jX().., while cholin is H:,H,-N()o. 
Lrriihin, therefore, becomes the functional ground-subsiance of 
the cell^budji of the neuron, just as it is in the nerve, Hoth in 
the neuron and its iont in nation, the nerve, therefore, the V(tscutar 
librds camj Idood-pfasma, which, bij passing through their waifs, 
maintains a continuous reaction, of which the phosphorus of 
the lecithin and the oxygen of the blood-plasma are main re- 
agents and chemical energy Ike end-result, ^I'lie relationshij) 
between the vascular fibrils and tiu* ground-substance, nu(*l(Mis, 
etc., is well shown in the engraving on page 5.58. 

Hut lecithin, though a useful product of imdabolism, re- 
(piires in its fonnation the aid of proto|)lasmi(* furu'tion, as 
does, in the muscle, the elaboration of myosinogen. In the 
cell-body this is probably perfonned, wo liave s(*en, by stnudures 
which the Xissl bodies, as nncleoalbnmins, re[)resent. Ind^^od, 
in a study of the ax^tion of fixatives upon protoplasm Hardy 
found"*^ that, ^^when a soluble colloid is fixed by the action of 
a fixing reagent, it acquires a comparatively coarse structure 
in the process, which differs wdiolly or in jiart from the struct- 
ure of tlie soluble colloid.’' Again, that these protoplasmic 


Hardy: Journal of Physiology. May 11, 
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FK'.. :t. — SCMIKMATTi” R KPUF.SKNTATTON OF THF EOWFR MOTOR NKTTRON. 

Tho motor coll from Iho voiitral horn of the spinal cord, together 
with all it.s i^rotoplasmic processes and their divisions, its axis-cylinder 
proctss with its divisions, side-librils or collaterals, and end-ramifica- 
tions (telodendrions, or motor end-plates) in the muscle represent parts 
of a single cell or neuron. n\ Nucleolus, c, Cytoplasm showing the dark 
colored Nissl bodies and lighter ground-substance, d. Protoplasmic proc- 
esses (dendrites) containing Nissl bodies, {llarker.) 
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strueluivs an* }^ii|)|)lic(l l>v a vascular net-work similar lo that 
of other cellular structures is shown hv the observations of 
A|)athy, who took them for nerve-lihrils. Harki‘r, referring 
to this i'eature of his iuTcstigations, says: “As to the relations 
of the iieuro-tihrils to sensory surfat'es, oi) tlu* oiu* hand, and 
muscular tissue, on the otlu‘r, A[)alhy makes vi'ry deliniti* 
statements, es]K*c-ially in thi* last eha|)ter (d* his ariieh*. A 
neuro-dhril entm’inir tin* cytoplasm of an (‘pith(‘lial i‘(*ll of a 
sensory surfa(‘e in the leech hn*aks up (very miudi as in a 
;ian^li()n-e(‘ll ) into a /ittrr n linilum eompose<l of llu* rlriHmlarj/ 
jihrils. \ larire nuinlx*!* of the constituent lihrils, lioweV(*r, 
])erha|)s the majority, leave the (*(*11 in (U'dc’r to take* paid in 
the formation of a eompli(‘at4‘d inf in'vjill Inhdl fihnl-plc.rus/* 
A(*uron and lU'rve, thei'<‘fore, appear to he similar to otlu*!* 
origans as fum t i(»nal entiti«‘s and to hi* suh jert to t in* same 
laws, iiu'ludin^’ tin* idreulation thi’ouiih them of oxidi/in*;* 
plasma. 

ddiis explains foi* tin* lirst time why tetanotoxin was found 
in the nerves hy i’riisehej t ini, Marie and others and why, in 
fait, as shown hy Marie and Morax (sei* p. 1111), t(‘tanoto\in, 
injected into tlie tissui's, (‘nters and ascends the* axis-cylinders 
of nerves— an ohservation ciuilirmed hy Meyer and Ihnisom. 

Tlu* roll* of the hlood-j)lasma s(‘(‘nis so clearly dtdined in ihi* 
fore;i'oino analysis that I deem it j»ermissihle to conclude tliat 
a// /turfs of u nrjtrou — rrff-hotli/, dendrU rs, nruru:roti or axis- 
ri/hud('r — urc ckuuuvls for udrnio.vidusi’-ludrn hfood-jdffsnia. 

Are dcndi'ites |)rovi(h*d, as are the eell-hody and the axis- 
ey]ind(*r, with myelin? \V(* liave seen that, as stat(*d hy P>arkt*r, 
“tin* stainahh* substance of \issl in liealthy animals of the 
same a^e and species, with the same metliod of fixing and 
s^ainin^^ is tolerably ('onstant in appearanci* and arran^^i'inent 
in the fu'll-hodirs and dviulrifvs of the sarne <»;roup of n(*rve-eel!s.” 
lie also states that “tlie axons appear to he entirely <levoid of 
the stainahle substance of Nissl”; ])ut llorkleyA'' referring to 
tlu* nerve-fiber terminals which are ext(‘nsions of tlie axon, 
writes: ‘‘The resi'arches of Flechsi^, as well as my own, liavc* 
sliown that these fine hranclics are furnislied with a thin fai/rr 
of tuyeliu nearly to their tx*rmination.^’ As this refers to intra- 

^ Berkley : Johns Hopkins Hospital Keports, vol. vi, p. 1X97. 
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cerebral nerve-fibers, I am brought to conclude that the entire 
nervous system is built upon the same plan: i.e., of fibrils con- 
taining blood-plasma, surrounded by a layer of myelin. The 
main constituents of these bodies, the oxygen of the plasma and 
the phosphorus of the myelin, are thus brought into contact, 
and nervous energy is liberated. 

All this seems to me confirmed by the manner in which 
many, now paradoxical, phenomena are accounted for: — 

Tile production of nervous energy, not only liy the neuron, 
but also ])y the neural myelin, confirms the ^Sivalanche^’ theory 
of IMliigm-, which, tliough at first comliated by Marey, was 
sustained by the latter after a series of experiments. Pfliigiir 
field that nervous excitation iiK^reased along the length of 
motor nerves: a view which strongly sustains rny own. Duval 
(*mphasizes this fact, and states that, while the stream of im- 
pulses — which he terms ^^molecular vibrations,^^ in perfect 
accord with modern physics — travels 28 to 80 meters per second, 
it ‘^presents the characteristic of increasing gradually as it is 
transmitted, i.e., as it advances in its nervous conductor.’’ 
Itichet has found that excitation of a sensory nerve was more 
intense when transmitted from the perijihery than when ex- 
citation was ajiplied to a part of the nerve nearer to its center 
(Duval). It is evident, therefore, that an accumulation of 
1 ‘hergy takes place in sensory as well as in motor nerves. 

]\ly views are also sustiined by the evidence afforded by 
nerve-degiuu'ral ion. Quoting Turck’s conception. Professor 
Parker refei’s to the Wallch*ian doctrine as follows: ^T^onvert- 
ing the Wallerian doctrine into terms of the neuron concept, 
the following law may be laid down: When it has suffered 
a solution of continuity, severing its connection with the cell- 
body and dendrit(is of the neuron to which it belongs, the axon, 
ti>g(‘tlier with the myelin sheath covering it, undergoes in the 
part distal to the lesion acute? and complete degeneration. This 
degeneration includes, not only the main axon, but also its 
terminals, together with the collaterals and their terminals 
connected with it.” If the gradual increase of energy along the 
nerve, just referred to, is considered as a factor of the function 
and the sum-total of the energy utiliz(‘d and is interpreted as 
made up of neuron energy plus gradually increased nerve-energy. 
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the following main facts connected with nerve-degeneration 
seem to me to lind tlieir explanation : — 

Section of a motor nerve will cause degeneration of tlie 
peripheral fragment, and atrophy of the muscles supplied by it. 
I have emphasized the functional importance of a continuous 
su])ply of nervous energy, both ujmii the vasc'ular and cellular 
elements of any organ. 

There is no degeneration of the upper, or ])roxinial, frag- 
ment, however, exiept as far as the first Uanvier luxh'. IMiis 
has been ascribed to traumatism, hut we can ri'adily understand 
now that section tlirough an internodal segment (hstroys the 
mechanism of that segment, (lie supply of oxidizing substance 
failing to reach ihe my(‘lin through the fibrils and their 
eanaliculi. Its nutritional or “passive” function is thus ar- 
rested. 

That the nerve and even its neuron re(pnre some of their 
own energy to piuananently sustain their own life, as empha- 
sized by ^larinesco,'*'* esjiecially when long slri'h hes of nerve arc 
involv(‘d, is shown by the fact that if the s(‘ai of its ultimate 
distribution is destroyed, — a muscle, lor instance, — or if it is 
disconnected from the latter, the neiTe may, as sometimes 
occurs aft(*r amjmtations and perii)heral neuritis, d(‘g(‘neratc, 
and the pr(K*ess extend up to and include the cornual cell. 
That this does not always oe*cur is doul)tless due to the fact 
that the subdivisions of a nerve all contribute to the main- 
tenance of its life, and that the chances Unit degemeration of 
a long nerve will oc(*ur are pro])ortionate to the nundjer of 
branches it supplies in its course. 

The sensory neiwes show" the same attributes, hut, of 
course, in a reversed direction. Section of the jiosterior root 
above a ganglion is followed by degeneration of the dorsal 
stump, which may include the extension into the cord. Am- 
])utiition sometimes causes not only atrophy of the peripheral 
fibers, but also of the ganglion-cells and their prolongations 
in the columns. ‘The living muscle seems so organized that 
witliout nervous stimulation it can no more live than can the 
tropical animal without warmtli or the rose without watcir,^’ 


'Marinesco; Neurol. Centralbl.. Hd. xi, 1892. 
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says Morel, liow true this is is emphasized by the precaution 
Nature takes to nourish tlie nerve throughout its entire length 
and thus to insure the conversion of tlie elieinieal energy con- 
tained in its myelin and the ])lasma into nej’vous energy. 

The Minute Ciuculatfon of the Cekebro-s final Sub- 
stance. — Sucli a circulation as that 1 suggest ))y this title is 
not fliought to exist. Hot!) in the ceritral ganglionic and in 
tlie coidical arterial systems tlio arteries are now believed to 
be “terminar\* ix., to neither supply nor rect;ive any anas- 
ioniotic branch. ^riiey penetrate the cerel)ra1 substance to 
j(*rminate tliero. The veins are similarly disposed. Deprived 
of valves and muscular tissue, tliey are likewise considered as 
‘‘terminal'’ in the sense attribul(‘d to (hat woi'd in respect to 
the arteries: a normal outcome of the al)sence of connection 
witli the latter as supposedly indi(*ated ])V tlic impediment 
])resented to the injection of tlui<ls in them. And yet, how 
does tlie blood, with its coryniscles, find its way from the ar- 
t(U*ies to the veins? Does it tiltrate through the arterial walls, 
find its way through the lymph-spaces to the venous walls, 
and reach the sinuses? Of course, we have elscovhero in the 
organism both the etfusion of jilasma and the emigration 
of ('orpiiscles through vascular walls; but tliis is a process of 
a dilferent kind, and for wliicli the blcKid-stream only plays 
the* part of |)urveyor; it rejiresents the main factor of a repara- 
tive and protective function, of wliicdi, indc‘(?d, the cerebro- 
spinal system is a promincait benefiedary when need be. There 
is a wide margin, however, between this process and the mech- 
anism of circulation, which includ(*s channels beginning at the 
heart and ending in tliis organ, and having for its purjiose, not 
only to carry oxygen to all parts of the organism, but also to 
rapidly remove blood as fast as its oxygen-ratio is being re- 
duced. “^rerminal” vessels do not satisfy this sine qua non 
of perfect metabolism in tlie cerebro-spinal system, notwith- 
standing the jirescuice in the supcudicial structui*es of more or 
less close capillai’y net-works, indeed, the very presence of 
these capillaries seems to me to point to these deeper ^Ter- 
minals” as incongruities. 

The marked ev idences of engorgement so typically shown 
})y Berkley’s illustrations, and to which T have referred, are 
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characterized by a suggestive feature: i.e., tliev occur, as far 
as the neuroglia, is concerned, in the elements adjoining the 
blood-vessels or connected with tliem. Thus, Berkley writes: 
“Jn the silver slides the support elements proper, so far as the 
stain shows, present no variaiion^i from the control, but, on the 
otlu'i* hand, tlie ra,scular neuroglia gives indication that altera- 
lions are taking place within its structures, and show consid- 
erable variations from control pre})arations. Idie cell-bodies 
are larger, tlu; ])rotoi)lasmic extensions are thick and knotty, 
and the arms extending loirard neujkborinij vesseh are more 
j)rominent than in the normal/' As ““the ca})illaries, like the 
intermeiliary v(*ssels, are tortuous and twisted,” — twidiuices of 
int(‘nse engorgement, further emjihasized by the “(*losely 
jiacked” wliilt* blood-corpuscles found in the vas{'ular lumen, 
— it se(‘ins btil logical that the engorged capillary and th(‘ en- 
gorged ncuidglia-libcrs should be continuous; otluu-wise the 
laltcr neuroglia swelling would remain unac(‘Ounted tor. 

Bererring to the spinal cord, Biu'dal"’” shit(‘S that “the 
momtuit the blood-vess(*ls pen(*tral(* into the cord tluw become 
coverc’d, on a level with the jieri medullary neuroglia layer, with 
a coating of neuroglia, whic h follows thcmi throughout all their 
ramili(*ations and ac(‘oni])ani(‘s them along their entire course.” 
Such a cojiting over cerebral ca])illaries would readily account 
for till! engorgement ol* both structuids to which we have just 
ret'erivd, since the channel, notwithstanding the' alt(?ration in 
its external as|)ect owing to the assum[)tion of an (*xtra coat, 
would, after all, be continuous. That such is the ease* is sus- 
tained by the fact that in what has been termed “chronic 
(*])endymitis” — doubtless a c'ondition in which tlie layei* of neu- 
roglia becomes permanently engorged — a marked thickening of 
the tissue occurs (O. Israel). The increase of blood in the 
neuroglia-fibers whicli this morbid condition involves not only 
coincides with the swellings observed by Berkley after various 
forms of poisoning, but it is accounted for by the facd tliat 
ependyimal neuroglia-(;ells were found by Marchi to send “a 
central extension which penetrates into the optic thalamus, 
where it subdivi<les to become fixed upon the walls of the bloods 


'Btrdal: Lm. eit., p. 193. 
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vessel’s"' (Berdal). This recalls the interesting feature in Fig. 
3 of the plate opposite page 550. In the projection-cell repre- 
sented the extremity of tlie long and irregularly-swollen apical 
process is also connected with the wall of what must be a 
diminutive blood-channel, if plasma is at all tlie cause of the 
cellular engorgement. Again, the neuroglia-cell, shown below, 
copied from an article by Andriezen, to which I will presently 
rcfer,'"^^ may be seen to be directly attached to a vessel. Indeed, 
we have Golgi’s own testimony to the elfect that some of the 
j)roto])lasmic extensions of the nerve-cell are attached to neu- 
rogiia-fibeis and to blood-vessels. 



Fig. 1.— “A Protoi-LiAsmic Glia-cell, from a Human Brain 
(First Layer of Cortex).” {Andriesvn.) 


Tlie manner in which tlie neuroglia-cells and their fibers 
are connected with blood-vessels suggests that tliey arc essen- 
lially different structurally, the neuroglia-elements being, not 
branches or subdivisions of the vascular system, but nervous 
structures which, at a given time during embryological devel- 
opment, became affixed to the vascular walls. Tliis is sustained 
by the fact that neuroglia, is, like all nervous elements, of epi- 
blastic origin. Again, there is considerable analogy between 
nerve- and neuroglia- fibers. Poster emphasizes tliis fact when 


' Andriezen; Brain, Winter, 1894. 
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he says: ^^Since tlie nerve-filaments, like the neuroglia-fibers, 
are very fine, and take, like tlieni, an irregular course, it often 
bt*coines very diilicult in a section to determine exactly which 
is neuroglia and wJiicli are nervous elements.” 

What is the role of the neuroglia and how is it functionally 
rcdatcd to the true nervous elements? Suggestive, in this con- 
ne('tion, are the following lines of Professor Foster's: 
mediillated nei've-iiher of the whit<^ matter of the s])inal cord 
resembles a mediillated nerve-liber of a nerve in being com- 
posed of an axis-evlinder and a medulla; but it possessi^s no 
primitive sheath or ncurilcanma. This is absent, and, indeed, 
is not wanted; the fidnilar shvath of neurotjlut affords, in the 
sjiinal cord (and, as we shall S(‘e, in tlie rculval vervous sn/slrni 
(jeticraJljj) , the suppoK. which in nerves is a fforded hj/ ihr 
unnilrnniHi/'''- ^I'bis .shows eoiielusively that for a cerlain dis- 
hince, at least, tin* mairoglia-sheath and the myi‘lin act as coats 
for the one axis-(*ylinder : i.c., for tlie fibrils containing bbMxl- 
jilasma. lint we bav(‘ seen that myelin is not thi‘ passive in- 
sulating substance that it is now thought to be; if my vi(‘ws 
are sound, it rcju’csents one of tl^e two most important faetors 
of nerve-composition, and, indeed, the main source of mo'vous 
energy. In modifying the acce])ted view concerning its func- 
tions, however, I have eliminated its I’ole a.s insulating layer, 
leaving nothing l)ut the inMirilernma, or exhu’iud, tubular in- 
vesting sheath, for the proh'ction and insulation of the “battmw 
elements,” as it were, the myelin and its oxidizing plasma.. It 
is, therefore, this protective and insulating slieath that the neu- 
roglia replaces in the white substance of the cord and in “the 
central nervous system generally”; f.c., wherever the? myelin 
and its inclosed blood-plasma are present in the ccrebro-spinal 
axis. 

We have seen that, according to Barker, and as shown by 
the researches of Flechsig and Berkley, the d<mdrit<*s of neu- 
rons are furnished with a thin laym’ of myedin nearly to their 
tiinnination ; while I have shown, — (fonclusively, 1 now be- 
lieve^ — that their ventral canal contains blood filasma. We have 
precisely, therefore, the structure of a nerve, minus its neu- 


" All italics are my own. 
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rilernnia. liKleed, the similarity even extends to the subdivision 
of the dendritic central canal into fibrils, for Berdal says, re- 
ferring to the dendrites: ^‘These prolongations seem striated 
longitudinally as is the cell, and appear to be composed of 
fasei(des of fibrils which are continuous with tliose of the cellu- 
lar body/^ A single structure is missing, however, that which, 
we have just seen, is represented by the neuroglia in cerebro- 
s])inal nervous elements: ij\, the neurilemma. Obviously, the 
absence of a pi*otective insulating sheath around the cell-body 
of the neuron and its extensions, considering their functional 
imjjortance as generators of nervous energy, becomes absolutely 
inc()m])atil)le with existing conditions, since the myelin would 
thus be exposed externally. Indeed, that the celhbody and its 
dendrites are snjiplied with an external sheath is shown by the 
following lines of Rerkley^s*'^^ : ^^Around the body of tlie cell 
we find an insulating mass of fluid contained in the pericellular 
lympli-sae, and as a capsule to the sac there appears a slight 
condensation of tlie tissue at this point that would take the 
place of a retaining membrane. This membrane apparently 
terminates where the first of .the gemmuhe are thrown off from 
the ascending j)()riion of the primordial process, and likewise 
at the location where the first buds appear on the basal den- 
drites. Does the insulating fluid and covering really end at 
this point? In absolute-alcohol sections of the cortex of the 
(‘crchellum taken parallel with tlie surface and stained wdtli 
the anilines, iiaiticularly the blue-black, it is quite readily 
demonsirnhJv. that the thin membrane, which is now undouht- 
cdly comjwscd of fine (jlia filarncnts, does not really cease at tins 
point, but becomes attenuated, and continues to ascend and 
rover the prolo plasm ic prolongations of the cell.’^ This plainly 
shows that the < ell-hody of Ihr neuron and its dendrites are sup- 
plied with- a covering which is to them what the neurilemma is 
lo nerve-fibers: this covering is similar to that investing these 
nerve-fibers: i.e., a sheath of neuroglia. 

This only affords, liowever, infoianation concerning the 
neuroglia supplied to the neuron per se, and to the structures 
which the axons become a sliort distance below the cell: i.e,. 


Berkley: J.tM*. vit., pages 90 an«l 91. 
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nerves. But wo have still to study an important (juestion : \,e., 
I he identity of the intermediary fibrils of neuroglia- — important 
!n the sense that it has a certain hearing upon the coneordanee 
between the older views of Geriaeh and the modern observa- 
tions and eonelusions of Golgi. Indeed, if the entire eerehro- 
sj>inal axis is math' uj) (as far as true nervous elements go) of 
these medulla ted giia-eovered nerve-libers and dendrites, we 
may well conclude witli Gerlacli that 7)ei’ve-cells are united by 
an intricate net-work of extremely d(‘licaie nerve-llbrils. If, 
on tiie other hand, the cell'bod}^ its dendrites, and its axon 
are alone medullated and glia- or neurilemma- covered, tlie 
connection wiih ihe vascular system being established by non- 
medullated phrils, I am in accord w'ith Golgi, who denies tiu; 
existence of any connection through nervous structures between 
neurons. 

That Golgi's view^ prevails is suggested — provided iny own 
view that fibrils are plasma-channels is accepted — by the fol- 
lowing lines by Professor Foster: ‘‘The larger paid of the gray 
matter consists, besides a neuroglia sup])orting the ni*rvous 
elements, of nerve- filatuents running in various dinjetions and 
forming, not a jilexus properly so called, but an interlaceimmt 
of extreme complexity.^’ If the italicized words “nerve-iila- 
ments'’ are converted, in accordance with my view, into ncu- 
roglia^phrUs, the rest of the cpiotalion will lead us to the solu- 
tion of the (pieslion: “These filaments are, on the one harnl, 
the fine mcduliabd fibers spoken of above as being recognizi^d 
with diflicully, and, on the other hand, non-meduUated filaments 
ranging from fairly wide and conspicuous naked axis cylimhu’s 
dowm to fibrils of c.rircnie lenully, the latter arising apjiarently 
either from ihe division of axis-cylinders and neiwe-fibers pass- 
ing into or out of the gray matter or from the continued branch- 
ing of the nerve-cells/* 

The solution, it seems to me, lies in the fact that non- 
medullated fibrils exist at all, and that these range from fairly 
wide axis fylinders down to fibrils of extreme tenuity, some of 
w^hieh, at lea^^t, appear to originate from dendrites. Indeed, 
this indicates that these non-medullated fibrils (of neuroglia, 
as stated by Berkley) represent the c*ontinuation of tb(‘ main, 
or apical, dendrite (or dendrites, for there are often more tlian 
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one). Since these nenroglia-fibers are deprived of myelin, tliey 
(•{uinot serve as sources of nervous energy, and merely repre- 
sent, tlierefore, deli(‘ate channels through which blood-plasma, 
obtained by them directly or indirectly from a so-called ^‘ter- 
irrinar’ capillary, llnds its way to the apical, or main, dendrite. 
The conclusion which this imposes seems to me self-evident: 
A neuron is an autonomous organ as a source of nervous energy, 
and is supjdied tviih hlood-plasma through noti-medullnted neu- 
roglin-p'hrils, which are continuous with the external covering of 
its apical dendrites. 

Are Apathy’s fibrils, which, in the leech and carthwonn, 
were found l)y him to j)ciietratc the cell-bodies of neurons, the 
neuroglia-fibrils just studied? (lerlach, Haller, and others have 
also referred to the existence of delicate nervous networks 
connected with the cells. The mere transformation of these 
fibrils into plasma-('hannels has enabled me, we have just seen, 
to link them with all the other elements of the function 
studied. In other words, 1 sim])ly convert(‘(l the fibrils into 
neuroglia blood-channels and found tluun to satisfy the require- 
ments of the latter. Apathy found that a neuro-fibril passed 
out of process of a nervc-ceH”: there is no fibril other than 
the neuroglia-fiber that is continuous with the aj)ical dendrite 
that this neuro-fibril could ri'present. Tlie neuro-fibril was 
found by Apjithy to be composed of ^^dementary fibrils”: we 
have seen that this is jjrecisely the arrangement within the 
neuroglia- fibers. He states tliat in their course ^^elemeiitary 
iibrilhe are being given off at short intervals, until finally the 
neuro-fibril itself may be reduced to a single elementaiy fibril”: 
I have quoted the statement of Professor Foster’s that, as 
r(‘gards the ^"fibrils of extreme tenuity,” — ^those we found to 
act as neuroglia neurilemma, — they arose ‘^apparently from 
the division of axis-cylinders.” Finally, the neuro-fibrils, after 
freely anastomosing in the cell-body (having entered by way 
of the dendrite), are stated “to fake their exit by way of the 
axon.” This seems to me to indicate clearly, in addition to 
the evidence adduced in fhe foregoing pages, that Apdthi/s 
neuro-fihrils and the various net worl's thought to he composed 
of nerve-fihers hy (rerlach , Uolgi, B, Haller, and others represent 
the one and same system of neurogliar fibrils, some of which 
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contain 'myelin and blood-plasma and may, therefore, he con- 
sidered as nerves, while others otUy contain plasma and are, 
III ereforc, blood-channels. 

Ijiuler these eircuinshmces, are the above-mentioned in- 
vestigators not justified in considering tlie net-workvS referred 
to as nervous structures? They would be justified in doing so, 
did all tile neuroglia-fibrils contain myelin; but it is the ab- 
sence of this compound in the fibrils that serve as channels for 
plasma between blood-vessels and the a[)ical dendrites of the 
neuron wliich seems to mo to neutralize their view. Were there 
any evidence that a medullated fiber of any kind connects any 
jiortioii of the cell with another structure capable of converting 
cluMiiicral energy inlo nervous energy, the question would re- 
main an oj)en one; but such is not the case; the absence of 
myelin in the neuroglia-fibrils connecting the neuron with the 
source of its blood supply seems to point distinctly to the need 
of its alisolute isolation, not only to avoid the promiscuous dis- 
persion of the nervous energy it is able to produce, but also 
to enable it to store tliis energy and to direct it in the physio- 
logi(;al paths. 

Idle presence of the non-mcdullated fibers among the 
cerebro-s])inal nervous (‘lements be<*omes evident when the 
structuial difference between the gray matter and the white 
matter is interpreted from the standpoint of my view. ‘^Owing 
to the relative abumhuice of white refractive medulla/^ says 
Professor Foster, “the white matter ])ossesses in fresh speci- 
mens a characteristic opaifue white color; hence the name.^^ 
. • . ‘^In transverse sections of the cord nearly the whole of 

tlie wliite matter appears, under the microscope, to be com- 
posed of minute circles, the transverse sections of the longi- 
tudinal ly-disiK)sed tillers.” , . . ^‘Tlie gray matter, from 

the relative scantiness of medulla, has no such opaque-whiteness, 
is much more tranducent, and, in fresh specimens, has a gray 
or rather puih ish-gray color, the reddish tint being due to tlie 
presence partly of pigment and partly of blood, for the blood- 
vessels are much more aliundant in the gray matter than in 
the white.” That in the cerebral cortex, for instance, these 
vessels should represent the starting-point of the neuroglia non- 
medullary fibrils needft hardly to be emphasized. They are now 



570 the: posterior pituitary and the nervous system. 


termed ^^terminal/^ but tlieir appearance as such is readily 
accounted for by the fact that here, as in the cord, they are 
said to be imbedded in neuroglia, whereas, in reality, the latter, 
composed, as it is, of a mass of diminutive fibrils, is directly 
affixed to the vessel, acting precisely as would a multitude of 
minute subdivisions of the vessel itself. Each fibril (in whi(*li 
the blood stream is so slender that it only appears ‘^pinkish” 
through its translucent covering) is, in fact, a composite coun- 
terpart of the ependymal fibril and other neuroglia structures 
to which 1 have referred. In other words, each neuroglki- 
fihril is affixed to the wall of the vessel either directly or through 
the interm>edianf of a neuroglia^cell, and therefrom extends to 
the main, or apical, dendrite, or dendrites, of some neuron. In 
addition, however, this enables me to conclude that a neuron 
receives its nutrition and its oxidizing substance directly from 
the general circulation, and that the blood which enters by way 
of the apical dendrites is distributed to the free dendrites and 
to the celUbody. 

A question suggests itself in this connection, however, viz. : 
How does the blood in the collaterals return to the main den- 
drite to find its way witli the latter’s blood into the cell-body? 
This appears to me to find its explanation in the following 
(already quoted) sentence, in which Berkley describes the cell- 
body : ^^Around the body of the cell we find an insulating mass 
of fluid contained in tlie pericellular lymph-sac, and as a capsule 
to the sac there appears a slight condensation of the tissue at 
this point, that would take the place of a retaining membrane.^' 
The retaining membrane is doubtless the neuroglia covering 
of the collateral, as it is of the entire cell; underneath, there- 
fore, is the lymph-sac — which I consider as a plasma-sac. But 
we have seen that Flcchsig and Berkley’s researches have shown 
that these ^^fine branches are furnished with a thin layer of 
Tuyelin nearly to their termination.” That this myelin must, 
as elsewhere, be supported by the neuroglia covering and in 
contact with it is evident: a feature which relegates the plasma 
toward the center, though in contact with the myelin. If we 
now recall the fact that fibrils have also been discerned even 
in these delicate collaterals, it becomes a question whether they 
serve to transmit plasma, centrifugally or centripctally. As 
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Berkley's experiment^! have shown that they become the seat 
of swellings under the inllueuce of i)oisons, there must be no 
escape for fluids through their walls; indeed, gemmulation 
would become impossible were the centrifugal pressure neces- 
sary counteracted by the escape of the plasma into lymjdi- 
spaces. Tliat I he blood returns towaiil the cell-body and 
through some of llu^ ctmtral flbrils is tlierefore j)robal>le. Ihi- 
<ler these conditions I can submit, as a working |)ro[)osi( ion, 
that the plasina irhirJi enters the coUnterdJs is returned to I he 
(lineal dendrite, and to the eel I -bod if irilh the blood of the hitler. 
The blood of the ceU-bodij then passvs out throufih Ike a.von. 

TIow does the blood leave tlie axon of the neuron in the 
siibstiince of the brain and cord? 'J’his (piestion ])Iainly re- 
solves itself into ilie following: How <loes (he blood reacli the 
veins from the axon? “The perivascular lymphatics . . . 

ar(^ especially found in eonneediem with th(‘ vessels of the brain’' 
says Gray""*; “these vessels are inclosed in a sheath which a<‘ts 
as a lymphatic channel, through w])icl» Ihe lyni|)h is carried to 
tile suliarachnoid and subdural spaces, fiom which it is r(‘turn(Ml 
to the general circadation.” '^^Fliis familiar fact would b(‘ un- 
explainable after tlie vi(‘ws 1 have advanced cone(‘rning the 
I'irculation of arterial blood were tin* return of blood to the 
veins not the purpose of tlie lymphatic' sheaths, for the sanu‘ 
authority states that lymphatic vessels “liave not at prescait 
( 1901 ] been demonstrated in the dura mater or tlie substance' 
of the brain.'' Again, wlien we consider that perineural , as 
w(dl as perivasenlar, spaces exist, we are brought to r(‘ali/>(! that 
by linking the axon of a neuron to a venule, with a lymphatic 
space as intermediary, we have the elements of a mechanism 
which not only utilizes structures that are Inoirn to ho present 
in the cercbro-spinal axis, but which also satisfy the n(*ods of 
the function. Finally, if an axon is itself buried (uj) to the 
neck of its bulbous terminals) in a perineural sheath, whi('h in 
turn communicates with a vein through stomata, as is the case 
in nerves, the l>lood of the axon is provided with a clear path 
to the general blood -stream. 

That the blood of the neuron is eliminated as it is in f)ther 


Gray: Lo<'. cit. 
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nervous structures — via the axon — is evident; but do lymph- 
spaces connected witli veins actually receive this blood? Re- 
f erring to the effects of acute alcoholic poisonihg upon the 
veins, Berkley says: ^Thanges in the coats of these vessels are 
similar to those in the arterial system, but aggregations of 
dying polynuclear (corpuscles are more frequent, and are by far 
the most striking feature both of their contents and surround- 
ings. These aggregations, which may vary from three or four 
to a dozen or inore, are located both within and without the 
lumen of the vessel (especially the smaller ones). Within the 
lumen are collections of white corpuscles filling the interior, 
and numbers are seim penetrating the walls. So vast are the 
colh'otioiis in the penvenous spaces that the whole cavity is 
occasionally filled, and baclnvard pressure from the plugs and 
compression of the vessel from the outside have attained such 
a height that in a number of instances the vesseBs walls have 
ruptured and red corpuscles are intermingled with the white 
and fill the space completely.” Those features are well illus- 
trated in the annexed photographs. The center of Fig. 8 shows 
^^j)olynuclear leucocytes in tlie perivascular space of a small 
intermediary vess(‘l compressing its walls,” while Fig. 9 shows 
^‘leucocytes in the blood in a cross-section of a large vein.” The 
fact that the leucocytes are found in the ^^perivenous spaces” 
and ‘^within the lumen of the vessel,” coupled with the ob- 
servation that they are ‘^scen penetraiing the walls,” so clearly 
point to the process involved that the following conclusion 
inqioses itself: The blood (we have seen that even red corpus- 
cles are present) of the axon evidently finds its way into a lymph- 
space connected with a vein, thence to the general circulation. 
Still, there is a feature of the whole process which requires 
elucidation. Why should the veins, which, of course, com- 
municate with channels through wdiich the blood can be freely 
evacuated, become engorged under the influence of the adrenal 
stimulation induced by alcohol? Engorgement of the arteries, 
their capillaries, the neuroglia channels, and the dendrites is 
a normal consequeiue of adrenal stimulation; but, the veins 
being outlets, such is not the case with tlie venous engorge- 
ment, This anomaly is accounted for by the now generally 
admitted fact that the vessels of the cerebral substance per se 
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are not supplied with vasomotor nerves. “^Vascular iieiwes may 
be found without trouble or dithculty in muscles^ glatids, etc., 
by the silver and otlier stains/^ writes Berkley, “but in the sub- 
stance of the encephalon they are never to be seen with similar 
staining mctliods; hence it is fairly reasonable to suppose that 
they are not present in this location and that some oth(*r con- 
trolling mechanism takes their place. 1 have most carerully 
looked for them in many brains, both human and of the lower 
animals, but have never seen the slightest trace of their pres- 
ence within the nervous structures. . . . Tuke and An- 

driezen, who made researches in tlie same field, have also failed 
to find them.^^ As 1 will have occasion to show, this is an 
extremely important factor in the pathology of all toxjemias, 
menial and nervous diseases, for it indicates that any marked 
rise of hlood-prei^i^nre dne lo drays, etc., caasrs vasrular 

enyorgement of ihe vascafar rliannrls of the brain-subsianre 
simaltaneoasly with the enyorgement of the peripheral capil- 
laries of ihe other parts of the crryanisni. 

Under these conditions contraction of the central vascmlar 
trunks througli excessive? adrenal activity causes not only con- 
gestion of the surface, hut also of the brain. Strikingly con- 
firmatory of this fact are tlic following statements of Professor 
Fosters: ^^It is argued that, in the absence of vasomotor nerves 
of their own, the cerebral vessels are wholly, so to sp(*ak, in 
the hands of the general motor syshan; so that when the blood- 
jiressure is liigh, owing to a large vasoconstriiftion in tin* al)- 
dominal viscera, more blood must necessarily pass to the brain, 
and when, again, the pressure falls, through the opening of the 
splanclinic flood-gates, less blood necessarily flows along the 
cerebral vessels.^^ . . . ^^Again it has been observed that 

certain drugs have an effect on the volume of the brain quito 
incommensurate with their eflfect on the vasomotor systern.^^ 

If this testimony is sound and the interpretation of the 
data available is exact, — my conception of the neuron’s inherent 
functions coincides with some of the main conclusions reached 
by Deiters, Gerlach, Golgi, Forel, and Oajal. In outlining 
their conclusions, however, I will only refer to those which are 
directly connected with my views, as a general review would take 
up too much space. 
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Deiters (1855) alllrined tlic prevailing tlioory — nndemon’ 
strated at the tinier — that the nerve-cell was supplied with two 
kinds of processes^ tlie protoplasmic and the nervous^ the latter 
constituting the nerve-liber. (Jerlacli confirmed the views of 
Deiters, and showed that the protoplasmic in’ocesses subdivided 
into a line reticulum, which, he thought, anastomosed with that 
of otlier cells, (lolgi then demonstrated that, besides the two 
kinds of proctisses (h^scribed by Deiters, there were given off 
collat(‘ral ])roccsses which, with the nerve-])rocess, or axis- 
(‘ylinder, constituted the only truly nervous striu'tures of the 
cell, the other processes and the cell-body being purely nutri- 
tional. The subdivisions of tlie jirotoplasmic processes or anas- 
tomoses were not, in his opinion, continuatfons of those of 
other nerve-cells, (‘ither by continuity or through nervous net- 
works, though some of the protoplasmic extensions were 
connected with n(*uroglia-fibers and blood-vessels. Iforel con- 
tended that the entire cell and its processes were simulta- 
neously functional and nutritional. Ilambn y (hjal concluded 
that networks of nervous fibrils did not unite the collateral 
processes, and, these lieing absolutely free, tbere (*ould be no 
(M)ntinuity of nervous sul)stance between them, contiguity of 
their extremities alone prmailing. 

J need hardly emphasize the fact that Golgi\s views are 
strikingly confirmed by my own; indeed, had this great his- 
tologist conv(‘rf(‘d the neuroglia-fibrils conne(ded with blood- 
vessels into blood-channels, our interpretations would have 
been similar, though readied from entirely different directions. 
And 1 must admit that I consider this striking similarity, 
apart fi’om the single line of research to which T have devoted 
all thes(» pages, — i.c,, the Iiistological chemistry of the circu- 
lation of the nervous system and the maimer in which nervous 
enei'gy is prodiuied, — as a strong indorsement of my own con- 
cefitions. While Ford is fully sustained by my analysis when 
he asserts tliat all the parts of the neuron are simultaneously 
functional and nutritional, (lolgi is likewise fully sustained 
when he considers the collaterals and the axon as the truly 
nervous slriudures, the others being nutritional. We have seen 
that Ihe dendrih'S connected with the neurogliafibrils arc 
really blood-channels. True, they are covered with gemmules 
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niid lined with invelin, ;i iVntnre wliieli shows Unit tlu*v serve 
Tor llu' rornnition of iu‘rvoiis (MU'r^y ; yet this eiK'rtry is not 
iitilix(‘d in ihest* d(‘ndrilos^ hut hy llu' (‘ollnterals, in addition 
to that (‘lal>oi’at(Ml hy liirir own inyt'lin. Noi- is the t:r^‘:iter part 
of the hlood whieh eoiirses throinrh tlu' main di*ndrites ns(‘d 
hv iheiii; it passes into tlu‘ (I'lUhody: a i>reat eeiiler fin’ tlu‘ 
ju-od mtlun, we have* seiai, of ni'rvous eiieri^y, wliii-h imer^^y is 
mainly iilili/ed, not hy tin* i-t*ll-l)ody //er sv, hnl hy the demlrites 
and the axon tlinniiili whieli llu* whole mairon's hlooil is <*on- 
linnonsly jaissin;:i'. 

(ioluiV ohsm’vation that some of the protoplasm i(’ |)ro(^- 
ess(*s were eomu‘eled with nenroi;l ia-filxM'S and hlood Y(‘SSi‘1s 
fiirnislu's histolo^Jiieal proof that, my inl(‘rpi‘(‘iat ion of tiu* 
manner in which llu‘ neuron is eonneettxl with tin* (‘ircailation 
is hast'd on solid pi’t'iiiises. 'Flu' pn'vailin^’ itleas, howt'vt'i*. as 
to tilt' nature of nrnroif/ift normally sii<i‘u‘estt‘d that his views 
ineluilt'd a nervous net-work as intt'rmetliary hetwetm t-t'lls, 
neiirti^ilia-cells heiiiii- likt'wist* eonsitlered as truly nei'vons 
St riii't iiri's. Hence I he allirmation td' Hajal that collatt'rals 
were totally indepemh'iit of one ano(ht*i\ espt'eially if hi' ^ave 
neiiroiilia-lihers and cells the credit of only ht'in^ what they 
are now irntierally tlimpuht to he: l.v., a fi‘i‘Hiintl- 

suhslaiice/’ in which tin* ''hlood vessels, the nm’vt* oells, and 
nerve-lihers’’ ai*t* “imlxMldetl." ''idu' neuron is autonomous 
functionally: i.r., as a nervous oriran, cer// nauroti is ((nincrh'd 
irif/f Uw clrcu/nl n/ii fnf ils (nru ncuriHjHa hlfK^d-rlunutrls, An 
illustration of tlie continuity of ncuro^dia-tihers with the cert'- 
hral tdrculation is alVordt'd hy Berkh'vV (‘\pt'i*imenU with alco- 
litjl. ‘'Ih'sides tin* swell insr?^ iit tlit' course of tin* dt'inlronsy'’ 
says tills author, "we must always he on tht' watch to excludt? 
certain processes of tht* suppt>rt neuro;ilia-c(‘I)s that tra verst* 
loii;^' distances of the cortex and exliihit a pmrl-strinfj swelling 
in tlie course of the hher.” 

Are nerve-cells contif^nious, as tlumght by (hijal? Berkley 
states tliat the oreat Spanish investi^raUir writes ‘^thut the 
asi'cndinir fibers of Hu* cortex, which have a vertical or ohlitpu? 
course throuLdi the medullary layers, havt^ their points of con- 
tact with the protoplasm of the dt*ndrilic structures in the 
intervals hetween the short transverse processes (^eminula*) 



570 THE POSTERIOH PITUITARY AND THE NERVOUS SYSTEM. 


around which tlie ascending fibers twine/^ In other words, 
ihe tips, or extremities, of the axon of one neuron, instead 
of lieing in contact with the tip of the gemmule, touch the 
intervals between gem mules. ^‘Such a discharge of the nerve- 
forces from cell to cell taking place at liundreds of indefinite 
])oints/’ continues Berkley, “('ould not fail to produce stimuli 
that would be more often ab(*rrant than direct, and, in all 
likeliliood, sucli an arrangement would produce the utmost 
('on fusion of thought and motion, a veritable inco-ordination 
of tlie cerebral furiciions, which would reduce direct cerebra- 
tion to a nullity.” T\m point seems to me to be well taken, 
and the identical argument prevails as regards contiguity, for 
if, as I believe, myelin and the oxidizing sul)stance are con- 
stantly in contac't in ihe nmiron, — Le,, the cell -body, dendrites, 
and axon, — nervous energy is continuously being formed, and 
promiscuous contatd with the dendrites of other cells would 
give rise to the untoward effects enumerated. In the light of 
my views, therefore, continuous contiguity between neurons 
through their dendrites or axons does not appear possible. 

How do neurons transfer their nervous energy to other 
neurons? Berkl(‘y states that it is ^^morc than probable that 
it is only at the fr(*e bulbous terminations of the nerve-filaments 
I axons ] tliat we have naked protoplasm, and from this uncov- 
(‘red nervous substance the dynamic forces, generated in the 
('orpora of the nerve-cells, are discharged, through contiguity, 
on to the prQto])1asmic substance of other cells. Thus, in con- 
iradistinction to the liypothesis of Cajal,” continues the author, 
“we have only com])aratively few points at which the nervous 
forces may discharge themselves from axons to the protoplasm 
of other cells, and these arc seated at definite points on the 
terminal arborizations of the nerve-filaments, for otherwise 
what would be the necessity of a terminal apparatus were the 
neiTc-conductors free to discharge their dynamic forces at any 
point at which they came in contact with the substance of a 
dendron ?” 

It seems to mo that the feature to ascertain in this con- 
nection is the character of the functions of Uie gemmules. Why 
do these little ])rojections of the dendritic walls become erect 
during the cerebral congestion induced by poisons? Are they 
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really iiittmcled to receive discharges of nervous energy from 
the bulbous tips of axons They outnumber the axonal end- 
organs out of all proportion. Indeed, tlieir multiplicity around 
all the stems exce])ting tJie axon hardly points to them as ter- 
minals endowed with such important functions as those at- 
li’ihutc'd to them. Again, Ikrkley states that ‘The twigs of 
the dendrites and tlui tibei's touch each other frequently and 
in a manner that appears to he perfectly indiirerent for 11u‘ 
dill'erent kinds of nervous substance, receptive and project! vv‘." 
Sucli promiscuousness plainly testifies, it seems to me, against 
tlie identity of the substances in contact being exjmsed snr- 
fac'cs capable of transmitting to each other a stream of nervous 
impulses. 

In fhe light of my views, however, a fund ion perfi'ctly in 
ke(‘ping witli the exjieriments of Goddard in pup])ics, of DenuKir 
with morphine, of Ucrkley witli <aIcohol, ricin, serum, t‘tc.. sug- 
gests itself. AVe have seen that during functional ac'tivily tin* 
giunmules ]>roject, while during imudivily th(*y recede*. If wc 
now connect these facts with tlie prcs(‘ncc in the giunmules nf 
a thin, layer of myelin imme<liatc!y under their e\lv‘rnal or 
limiting covering, and concede that the latter and tlu^ my(‘lin 
take part in tlie formation of each gemmule, it will hi'cimu* 
evident that during the erethic state tlie surface of myelin t‘\' 
posed to tlie action of the oxidizing sulistaiu'c of the plasma 
will he greatly increased and tlie ])roporlion of nervous eii(*rgy 
produced correspondingly augmented, lidradion of tlu* gem- 
mules, on the other hand, by emptying them of Ilnur ])hisma, 
will normally cause diminution of ciicrgy-produelion, tin? mye- 
lin of the main cliannel suflicing to sustain nutritional functions 
during sleep, for instance, when the gcmrmiles arc retract(?il. 
We have what seems to me a counterpart of th(*se minute struct- 
ures in the muscle-cell, the myosiiiogen of tlic latt(‘r h(*ing 
re|)laced by the myelin. Wc have also, in tin? ])roces8cs out- 
lined, an active and a passive functional stage in keeping wilh 
other organs. All this so thoroughly coincides witli tlie variou.s 
attriliutes whicli the gernmules have been shown by various in- 
vestigators to ])ossess, that I feel wairranted in concluding that 
the gernmules are peripheral extensions of the dendriiir walls 
having for their purpose to increase, when erect, the area of 
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myelin exposed to the action of the oxidizing substance of the 
plasma, and thus to render the dendrite functionally active: i.e., 
able to transmit or receive nervous impulses. When the gem- 
mules are retracted or collapsed, therefore, functional activity is 
in abeyance, as during sleep, anwsihesia, etc,: i.e., they are unable 
to transmit or receive impulses, 

'j'liis tends to show that none of the geinmnles serve per 
se to transmit inipiilses, and that the dendritic tips must alone 
he endowed witlj tliis riinetion. That sueli is the case seems to 
me suggested by Fig. 2 on tlie plate opposite page 510, which 
exemplifies the condition of a dendron before tlie engorgement 
induced by ricin lijis become far advanced: i,e,, at a time when 
the dendron^s lumen has not as yet become completely blocked. 
The two central dendi’ites may be seen to terminate with bulb- 
ous tips, wliile the remaining getnrnules immediately adjoining 
the latter are not aj)parently enlarged. This would point to 
the enlarged extremity as a dissimilar structure in respect to 
the gOmmules, a terminal organ as it were. Again, the gem- 
mules and terminal organ would liave presented a certain de- 
gree of resemblance under the influence of the engorgement 
under the action of poisons, had they been similar; their ap- 
pearance, on the contrary, suggests dissimilarity. Berkley 
states that, ^^so far as the end-apparatus of the collaterals from 
the psychical cells is concerned, the terminations of the intei- 
inediary cells, the fllau-s entering from the medullated ma.sses, 
all have the same end-apparatus, wdiich consists solely of a 
simple freely terminating bulbous ending, situated upon the 
extremity of the lincst branches of the nerve-fibers.^^ As he 
then refers to figures in one of his illustrations which represent 
axons supplied with bulbar extremities, I infer that it is to 
the dendritic terminals that he alludes, and not to those of 
the geinmules, as a l)road application of his preceding para- 
graphs might suggest. If the bulbous terminals of the entire 
dendrite as well as tlie axon are referred to, the quoted lines 
afford additional evidence tending to show that the dendritic 
extremities alone transmit or receive impulses. Indeed, in 
the article in which chronic alcoholic poisoning is studied, 
Berkley remarks: ^‘The process of tumefaction always appears 
to begin at or near the fine extremity of the dendron, be it the 
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extremity of the main apical process or oiu' ot‘ its collateral 
branelies, ami jioi iiit'rc‘t[iieiuly the cj’lrcmc tcrni iaalltni of the 
(lemlroii^ is seen to 1 .k‘ somewhat swollen irltcn mt other portion 
of the cell in invoiced."'''* lie also stales that “in his deseription 
of the mode of cndin^i!: of the collaterals of the great juramidal 
cells’^ Cajal ‘‘describes their lim^st ))ranclies as Irn'minating 
freel}; by a nodosihj" All these facts seem to nu^ to warrant 
llic eonelusioii that each of the collateral dendnle^s of a nearon 
and each a.rtni, or snhdirfsion of the taller, is snjiphcd fctlli a 
b a I b 0 us e n d- o rpa n . 

How is an axonal end-organ of one neuron functionally 
relat<‘d to tliat of a dendriU? of amdlier mMiron? licrkley, 
alluding to tlie subdivisions of tin* axon, eat-li o\‘ whic'h is su]>- 
])lied with iis buli»ous end oi'gaig says: “'rbese sjiherieal a[)- 
j»aratus(.‘s are elos4‘ly adjustod against ihe bulbous (ips of the 
gemniules, at tim(‘s the approximation l)eing so close ihat the 
impression is given uf actual eontael, though it slioidd be rc- 
niembercil that the slightest overiapping will pi’o<lue(‘ tlu* same 
elfect: and, on the whob.*, it is nioie probabb? that t!ic‘re is no 
actual e<uitaet, but that tlu* a.vonat ilist Ita rpes* <d' the stimuli 
overleap tlu^ intinit(‘siinal distance ludweeii Indb and gem- 
mule.'’ For the reasons adduced. 1 do not think that the 
gemniules serve for the reception of impulses. These reasons 
also suggest lliat each axonal end-organ can only <lisi liarge its 
stream of imjnilses into tlie bulbous tenninal of a neighboring 
dendrite, wliicdi imibous tenninal woubl, under these cin-urn- 
stances, present some analogy with tlu* end-lmlb of Krause, 
and, inde(*d, with several jierijiheral sensory organs. I liave 
also submitted reasons that seem to me to otTset the assertion 
that tlu* end-organs actually touch. Indeed, tliat an “inhii- 
itesimal distance” between the etfercait axonal end-organ and 
tlie efferent dendritic* end-organ (*\ists seems to be the only con- 
clusion warranted by the liistological picture, as described by 
Berkley. It seems to me, in other words, that each of the 
bulbous end-orf/aus of an n:rnri, ihouffh ajijmrenthj in contact 
with ihe rnd-orr/au of one of ihe dendrlt'*s of a neifjhhoring 
neuron, may he separaied from it by an infinUesiuml distance. 


All itulie»f an* iny own. 
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The bearing of this arrangement, as an element of func- 
tion, asserts itself when tlie stress we have laid upon the vibra- 
tory character of a nervous impulse is recalled. When study- 
ing the nature of the functional activity of muscles, I had 
occasion to say, referring to the governing action of motor 
nerves: “As the vibratory rhythm of the impulse and tliat of 
the muscle always correspond, any variation of rhythm by the 
brain-center correspondingly modifies the muscular contrac- 
tion,^'* If we now analyze what this vibratory rhythm means 
when the dendritic end-bulb and the axonal end-bulb are sepa- 
rated by an infinitesimal distance, but one answer appears to 
suggest its(*lf ; i.e., that there can be no flow of impulses from 
one to the other. Hut we must not lose sight of the fact that 
the contradictory histological pictures described by Cajal and 
Hei'kley are those of nonliviny cellular elements, and that 
death may leave the two end-bulbs juxta|)osed, as seen by (hijal, 
or separated by an “infinitesimal distance,'’ as seen by Berkley, 
^rhus, each histologist is right in his w^ay as regards dead tissue. 
Hut w'hat of living structures? Cajal and Berkley will again 
assist us in reaching a deduction in this coniu^ction, for eacli 
investigator furnislu's one-half of the main physical function 
involved: ix,, vibration, ivhich memvs rapidlj/ aliernatiny jux- 
taposiilon and svparaiion of the hutbouK end-oryans. 

The rapidity witli wdiich the gap between tlie two terminals 
is opened and (vlosed — ix., the rhylltm — regulates, we have seen, 
functional ac'tivitv. But can we conclude from this tiiat non- 
activity of an organ means cessation of vibration of the bulbous 
end-organs involved in the function? We have seen tlnlt the 
nutritional pro(*esses of all tissu(*s are continuous, nervous 
energy being sujijdied to the cellular elements as long as life 
lasts. Porel, as stated, was led by liis admirable investigations 
to the conclusion that “living muscle ajipears to be so organized 
that without neivous stimulation it can live as little as the 
tropical animal can witliout wannth or the rose without water.” 
This applies to all living tissues: a feature of the problem 
which necessarily implicates the cx)ntinuous development of 
nervous energy and, as a consequence, an unceasing vibration 
of the end -organs. It seems to me, therefore, that, im^nmuch 
a.s the nutritiunal processes of the onjanism require a continuous 
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supply of nervous envryy, all the sysivmiv axonal and dendrilir 
and-orfjans arc in a sla/c <if ranslanl rihrafion. 

Aiialyziii^^ iniisciihii- rt)nlriu 1 ility, 1 slaU‘<l tliat : ‘‘The 
iiiipulso-wave [and llic hlood supplied the eell] simply sets ilie 
imiscde-elements to a ^dveii vibratory rliyllim, and tlu*y retain 
lids wliatever be the intensity of ilie exertion retpiiriul. . . . 
1'liis may aptly be compared to the manner in which a noti‘ 
on a violin is ma<le loud or soft, ’d'he p<nv(‘r with which the 
string is j)ressed upon with ilu^ movine: bow modi lies tlie in- 
hnsity of the sound; but tlie note re.mains the sanu‘. 1dds 
means that its piteh does not vary, and if, for example, tiu' 
low(*r V is niven, W(^ will know that llu* sound-wave (d’ that 
note repr(*sents two hundnd and sixtyom* vibrations pm- sec- 
ond. So may the int patsc-irarc t i*ansmitt(‘d by tlu* bi*ain 
through a ‘motor** mu've b(‘ r(‘pi*esented by a lixt‘d nitntbiu- of 
\ ibr*ations. Ihd r*aet ion, iIk? nrusc h* beirre^ tlu'n most tiuise, is 
ihend'ore ( haraeteri/AMl by the i»ri*atest numbi*r of vil»rat ions." 
If this iirterpr’etat ion is soirnd, it is likmvisi‘ applicable to the 
“to-and-fro" motions (d’ the bulbous tiUMnimrls which (‘onslituie 
vihi*ation, the itumlier of these motions within a j.:iveit time 
repi*esent irr*^ a. ;j:iven int<‘nsity. Arry modification of th(‘ rnrm- 
ber of thes(‘ to-and-fro motions within a ^.^iverr tiriu*, therefori*, 
cor*res[)ondiri^dy mo(lifies the intiuisily (»f the r-esultinfi; vibra 
lory im|)irlse-wave, Ihc passive slate of fanrHon (Ihal dariny 
witirh rell~n alrlll<ai alone (nears) briny represented by the 
lowest nutnber of vibratlotts, the AcTlvt-: slaye (dnriny whirh the 
fiuudion Is In fntl siray) by the hlyhesi naihtter of vibrations 
corn pat ibie willi nor mat health. 

Still, in accordance with my views, this appli(‘S to the irn- 
juilses transmitt(‘d by the })(»sterior pituilar*y boily, since this 
or^^an, directly and throu<rh its extension in the cord, ;^overns 
the {rassive sta^e of function and incites tin* celluhrr eharients, 
both through tlie terminal vasomotoi’s and the net-works dis- 
tributed to the cells themselves, to hi^^her activity when the 
active sta^^e becomes necessarx'. Can we say the same of the 
independent hc*mis])hercs? Tliis carries us back to the cinm- 
lation of the brain, for the question involves anotluT: i.e,, 
whether the cerebrospinal functions, active and [lassive, are 
carried out in a manner similar to that of all other organs. 
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L ani now able to state tliat tliey arc, for the tieiirogliu- fibrils 
of the suhslance of ike hrain and cord represent their blood- 
supply, just as ike cellular capillary net-work of any other organ 
represents its blood-supply. 

Indeed, we must not overlook the fact that, while the 
neuroglia- fibrils rei)rosenting tlie capillary supply of the cere- 
bro-s])inaI substance are not supplied with vasomotor nerves, 
th(.‘ per4)heral vessels connected with the organ are, thus fur- 
nishing it witii what might be described as an extrinsic 
supply. ^J'liis extrinsic system would thus be represented by 
the pial vessels, which, as shown by Andriezen,^'*^ are supplied 
witli vasomotor nerves. “We iind,’^ writes this investigator, 
“that it is ])ossibIe to stain the vasomotor nerves with Golgi’s 
method. Starting from the carotid and vertebral plexuses we 
(^an trace them no fartlicr than the circle of Willis by anatom- 
ical disse(;tion (using a lens). Do nerves accompany the cere- 
bral arteries as they go off from the cii'cle of Willis; and, if 
so, how far; and wliat is their ultimate distribution? Our 
observations on the kitten’s brain show that bundles of nerve- 
fibers accompany the middle cerebral arteiy (the one specially 
chosen for our study) and its branches in the pia. These fibers 
run in tortuous and zigzag fashion, and in the finer pial 
branches they can be seen -to form a very fine (non-anastomotic) 
])lexus of librils lying between the outer and the muscular coats. 
From this periniuscular ])lexus terminal fibrils issue which, run- 
ning a short distance along the muscular layer either longr 
tudinally, transversely, or obliquely, end in small spherules: 
little ovoid bulb-like arrangements abutting against the mus- 
cular elements (cells). We have succeeded in tracing these 
terminals and their distribution to the finest pial cells, but no 
farther. The intracortical continuations of the pial vessels 
liave constantly failed to give us the least evidence of this 
porimuscular plexus, which therefore — so far as our investiga- 
tions go — we are compelled at present to imagine as stopping 
with the pial branches, and not continued along the intracortical 
vascular branches.”"’^ This evidence, added to the facts already 
outlined concerning the pericerebral vascular supply, seems to 


Andlrlt^zrn: Drain, W^intcr, 1894. 

« The word “not" is alone Italicized by Dr. Andriezen. 
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mo plainly to indioato that- (he ccrrhrtil nri fi/tf/ itni Is iforerned , 
(IS IS that of t/ir urtvrKtlvs of Ihr biultf of ltir(/c (hv tiu' [mstcM'ior 
pituitary body, as wo shall soo, pap's l)S*j and lhron<j/i 

the vusoconsl nctijr iK'rvrs of (he putl vessels, fvliieh ore (enninols 
of the st/nt j/o/hel ic st/sieni. 

1’his oidy riirnish(‘s us, howovm-, thi‘ rmiolional nuH'hanism 
of tlio passire sla,ij.'o. In (dhc'r words, tlu* norvons ('iioray do 
volopod ()win^‘ t.^ tla* ])ros(‘not' of a ,i:ivi*n |>r(>j)oi l iim (d‘ adi'c'noxi- 
<laso (hronirhi irdo oonlaot with tho m\(‘lin lhrou_i:h fho tonio 
vasiadar oontradion insiirod hy tho paioial motoi* syslom) oidy 
oausos tho ontiro hrain to I'liaic* tho luu’voiis onor^v whii-h, as 
wi‘ liavo s(‘on. is ossmtial to its own lih*. lint how is tin* netive 
stau:t‘ im itod in any oiu' part, of lh(‘ ooirhnim ? 

As is woll kFiown, aroiips of indi\i<hial mnsulos may h(‘ 
caused to contraol siimdl anc<Misly, while S(mi(' of the mnsj-Ies 
which ent(‘r into the formation of theso uroiips may Ix' ro- 
|ilao(Ml hy oth(‘i*s. 'Idiis is woll oxemjdiliod hy llu* nieehanism 
of |dano-playin,u^ : the index, lliiimh, and lilllo lini^cr, to form 
om* chord : the annular and Ihnmh to foiin tin* next, ole. d’rat*- 
in;.C this nioehaoisMi hack to tla* striietiiro which (miles and 
(fovenis tin‘ museidar a<ldueiion and ahdnelion through which 
liio keys aro struck and released, wo ai(‘ hrou^ld hack to a. 
neui'on. J»ul liow' is the neur(m inoitod to activity? In other 
words, how is the increasod speed cd* hlood through its myidin- 
lined dondrit(‘S, c(*ll-hody, ami axon incit(*<l and ;iovcrnod ? (’an 
wo ascribe this all-important function tf) the posterior pitui- 
tary body? \\’(‘ have seen that remo\al (A tin* iH-nnspheros did 
not pievont Fimscular action; a can swim, a |)i;i:<‘on lly, 

(‘t('., and, indeed, ('ontinuo to live a considorahh* time- “months 
— if carefully f(‘d, notwithstanding* tin* ahsfuice of its homi- 
splioros ^.riiis su^^osts that, whih* the jjosterior piliiitar'v 
body either directly or indirectly incites and ;ioverns tlx.* 
functional activity of all orpins, exception shmdd lx* made' of 
the brain, though it governs the cin iilation of this orgari. 

Still, the cellular elements of all organs are siipfilied with 
a nt*t-worlv of terminal nerves, and it is ih rough tin* inter- 
mediary in this net-work that its functional metalndism is 
gov(*rned by the posterior pituitary. How* is tin* same func- 
tion fulfilled in the hemisjdieres : how* are its cells, the 
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neurons, ^^incitcd and governed Are they also supplied with 
a net-work of fibrils wliich receives impulses from the poste- 
rior pituitary body? There is no evidence available to suggest 
that such is the case, and the functional relationship with the 
latter through ilie vasomotor supply of the pial vessels is the 
only link between the two organs that existing data permit us 
to accept. If, therefore, a regulative mechanism exists, it must 
be one connected with the vascular system, and so disposed as 
to enable it to govern the circulation tlirough one or more 
neurons simultaneously. It must supply its own neiwous en- 
ergy, for we have s('en that Andriezen found the vasomotor 



nerves to distinctly terminate uj)on the muscular coats of the 
])ial vessels; indeed, it must be as autonomous an organ as is 
the luuiron itself. 

Such an organ we have, it seems to me, in the neuroglia- 
cell st.own in tlu' above illustration, which Andriezeii has named 
the ‘"protoplasmic neuroglia-cell,'’ and describes as follows®'*: 
‘‘I’lie ju'otoplasmic glia-cell has a distinct cell-body, which is 
irregidarly oval, fre(iuently ])yrifor.m. Its various protoplasmic 
processes are of moderate length ; they exhibit great variations 
of caliber, some being stout and co«arse and others exceedingly 
line. These processes are also dendritic: a thing never seen 
in the stellate cells. A most striking feature is the shaggy 

^Andriozeii: Urilish Medical Jourual, July 2D. 1893. 
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granular contour, as if a line moss constitulod the protoplasmic 
proc'csscs. . . . Flirt lu*r, by one or more of tlieir coarser 

processes tlie protojilasmic cells are attaclieil to the perivascular 
slieaths. The figure | on the opposite [lage [ shows the eell with 
two such vascular jiroccsses, eai*h altaclicd to ike vessel by a 
conical ilisk-likc^ expansion ('foot').'’ 

These characteristics of this cell speak clearly in favor 
of my view that neuroglia-cells ami librils are channels for 
blood. Hearing directly u|)on the (pK'stion in point, luav- 
ever, is the fact that this cell, as indicati'd by its gemimiles and 
its dendritic aj)]H‘ara.nce, must be sii|)plii'(l with myelin. ^J’he 
association of this myidin Avlth thi* bloed plasma in transit at 
this ])oint — i.e., so close to tlu* bh>od-vi‘Ssel -semns snggestiv(\ 
for, if the illustration is closely e.\amin(‘d, dendriti*s are not 
alone found anmnd the cell, but also fibrils, whiidi start from 
various jiarts of these dendriti‘S. That th(‘se protoplasmic neu- 
roglia-cells ai'o directly (‘onnectiMl with the b!ood-vi‘Ssels so 
as to admit plasma is demonstrated by tli(‘ faid that, they also 
take ]»a.rt in the eiigorgiMuent of neuroglia struct ur(‘s that fob 
low ])oisoning. “The bodiiis of the taossif neuroglia-ccdls," 
writes Herkley, alluding to the elVects of ricin poisoning, ^'are 
larger than normal, rounded, sometinn^s globni.ir in outlin(\ 
and the tenbicles are thii'kemul and knotty. I'here are gemiral 
evidences that these structures of tin* h/inplmtie system are 
undergoing modi Heat ions «)f a pathological nature.” I have 
already stat(‘d that tliis ‘^lymf)h” was, according to niy vimv, 
its next o’ kin : /.c., hlood-plasma, 

lioferring to the paper from which I liave just quoted, 
Andriezen remarks"'**: ^‘We also stat(‘d at the tinuj that the 
evidence of staining with (Jolgi’s method shows us a sysU‘m 
of lymph-spai'cs surroumling the cell-body and its branch(‘s. 
Careful and fresh observation eontirm us in this opinion, viz.: 
that there is an exreediufjly fine sysfein of ennaJirnU and lymph- 
spares surrounding the body, and dendritic yirm-esses of the 
j)rotf>[>Iasrnie glia-cell, and directly continuous with the peri- 
vascular lymph-spaces.” If the annexed sketches hy Andnezen 
are now examined and interpreted from my standpoint, addi- 


'"‘‘AndHezen: Brain, Winter, 18M. 
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tional iPstiiiioiKY in favor of iny i*on(;pption of tlic whole nicch- 
anisrn of hraiir fiHU'lion will a|)pear. Indeed, the camiJicnli 
are evidently the openins»H into [he neiirogiia-fibrils. lUit those 
ini(;roseopi(ail eliannels, which are oftim onc-si\th the size of a 
blood-corpnscle, would soon be blocked were the latter allowed 
to reach them, ^riua’c is interjiosed between tliem, tlierefore, 
a. lymphatic membrane, similar to the one- which, as we Jiave 
seen, forms ihe 1ymph-spa(‘e from wliicdi veins start. Here, 
however, a donbhi ])ur])ose is served, as shown in thi; sketch. 
'It forms two (aivities: tlie one surrounds the blood-vessel, and 



RFJr.ATTONSniP OF TIIK VAS(^UL.AU ANT) LVMPIT CTTANNEI.a IN 
TOR niiAiN. (Andrlcscn.) 

(I, Pla-aracIuToid. h, nraiii-substancc. f, Epict'rt-bral spaw. d. Ad- 
ventitial Hhcatii. r, Tntra-adventltial space, f, Extra-adventitial space. 

iAi‘C(t7'dhig to uiif ricir, Htesc are all hlr.od-vhannvls: The hlood arrirrs 
in piul arteri/ (f/), and cmapvs tI:rou{/h Hie iralltt of ihe lailvr into the 
*Hn(ra~adrnititial" t<parc (r). /V/r/ the plasma of thift hlood passes 

through sheath d into the *‘e.rfra-adrentitiar’ spare if) and enters nru- 
rofflia-Phers and veils (h, h, 70, and then passes into the apical dendrites 
of netnsjns: the rest of the plasma and all eorpusrles return to the tmns 
hy nay of the ''Uitra-adreniitiaV* spare at c. — 7?.) 


represents the channel connected with the venous system, to 
whi(‘h all corpuscles return; the other, or external, space re- 
ceives only the blood-plasma whi(*h has passed through the 
inembrane. The latter, being mainly composed of endothelial 
]dates, is therefore phagocytic and bactericidal, and thus admits 
into the neuroglia canaliculi not only plasma relieved of all its 
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cellular elements, hut also a.sej>lici/e(l adrenoxidase-huien plasma. 
The outside of a V('ssel covered with a neiirooliji-ridden sheath is 
shown in Fiir. d. 

The two kinds of neuro^iia-ct‘lls may l)e si'iai to take pari 
in th(' formation of the (external md-work of tilnils in the illus- 
tration on pau’e oS(!. It is luoH*, it. sc'cms to nu*, that tlu‘ «i*ov- 
(‘rnin^’ attrihiitc* of the ‘'p*’<^h>f)lasmic neiiroijfliaa'ell” shows 
itself^ as siie'eested hy the dendritic* a})pearance of its e.xten- 


F/g.3 



Bi.ood-vksski. of the HI'MAN Buatn, SnoVViNO Skveuai, Neio 
itofjr.rA SrRUorNPiNO it ano I'ViiiMiNfj a Fki.t work 

( I*EitiVAfi<’Ci.AR System). {Atuinrzrn,) 

n. An cMKMrrlin^ cfll. h, INTiK-ndicular ncuroglia-fUMT f ntcriiiK 
sluatli at riKlit aiiKlfs from a distant (oxtrinHir) r*<‘JI. 

sions. Indeed, IJanvier has been led to conc'lnde that tin* 
other variety of neuroglia, (stellate) cell is not mmh more 
than a mass of a^^^re.i^attal fibrils in transit, the lattei' passini^ 
tlirou.Lrh them witliovit forming pait of tli(» cellular structure. 
‘'>till, as it cont4iins a nucleus, it may possess a r(*^Milative a<*- 
tion. d'he larger cell, liowever, imposes its«*lf as an organ of 
a V(*ry active kind — capable probably of playing in the brain 
the part that the vagu.s plays iii various organs: ix., to incite 
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active function and govern it in the neurons witli which it is 
connected, eitiier directly or through the intermediary of other 
neurons. The connection with tlie latter would not be estab- 
lished by continuous fibers, but through their end-bulbs, the 
axonal of the one to the dendritic of the other, etc., in order 
to allow of the transmission of vibratory impulses. Keferring 
to these larger ^‘jirotoplasrnic” ganglia cells, Andriezen writes: 
^‘They occur abundantly throughout the gray matter, in all 
the layers of the cortex, but are rare in tiie white substance?^ 
Indeed, according to my views, tlie latter is a mass of axis- 
cylinders coming from the upper strata, and surrounded by 
their myelin, wherein energy increases with distance: a true 
“avalanche” — using Pfl iiger’s expression — of nervous force 
toward the lower cerebral structures. 

The predominating function of both varieties of neuroglia- 
cell asserts itself, however, when the cliaraideristic's of the 
cortical layers are reviewed. The first, or molecular, layer 
contains but few nervc“cells, according to Andriezen. Its 
proximity to the pial vessels normally suggests that, if glia- 
cells are intermediaries between these vessels and the brain- 
substance’s circulation, they should occur in large quantities 
in this region. “Its outermost, or superficial, region is formed 
of a systimi of neuroglia fiber-cells,” says Andriezen, and by 
means of Iho annexed illustration, among otliers, he emphasizes 
the varied directions and the length their extensions may as- 
siune. Ilut if the illustration on page 580 is examined, the 
manner in which these cells (according to my interpretation) 
arc supplied with ])lasma may be easily iindei’stood. As shown 
theredn, the pial vessel dips into the brain-substance, sur- 
rounded by its lymphatic membrane in siuli a manner, we 
have seen, as to form two sj^aces, the inteiTial of which is for 
the blood and corpuscles to be returned l)y the veins to the 
general circulation ; the other, or external space, being that 
in which the plasma for the neuroglia-cells passes after pene- 
trating the lym|)hatic membrane, in order to reach the neu- 
roglia-fibrils. This affords a supply to both kinds of cells, 
which are seen to line the plasma-containing vSpace. That both 
art; intimately .connected with the circulation appears to me 
beyond doubt ; that the mossy, or protoplas;nic, cell is endowed 
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witli some function other than as a mere distributing^ center 
is as likely; that this function should be to ri'^odate the cir- 
culation in the neurons, or groups of neurons with wdiicli it 
is connected (as shown by the elTects of |K»isons upon all striu*t 
Tires thus connected), is strongly suggest(‘d by tlie fact that, 
while the need of such a regulative system is eviilent, there 
is no discernible or known organ or system of organs, direi*tly 
connected wdth tlie pial blood-vessels, other than these (*ells 
to w'hich this important function could be ascrib(‘d. The fol- 
lowing conclusions, therefore, s(‘em to me warranti‘(l: — 



SKVKN CaITOATK NETTROOiaA FlUEIl-tTEM.f? FIlOM THE IICMAN lUtAIN- 
oouTKX (Fikht Layek). {Auilrivzvn.) 
a, TanKf^ntial flbir-sysUm. h, Ccll-bodioB. f, DoHrnndiriK IU)rr-HyK- 
ti’in. The dotti d llm- shows the limit bctwcfii tho first and Ht i-ond and tin* 
second and third layirs. 


The nvurotfJin-relh are the !tifrnnef/larlrs hrhrerti ihr 
(jrneral rirralaf ion and the rnpillari/ sifstrnf. { arur(Hfliti-/ihnls) 
of the brairi-sahslaffce. The mnooik stellate veil semis atilt/ to 
serve for the equable distribution of the blood-jilasiaa to the 
iteuronSj while the mossy, or /iroto/itasm ir, eell /irrsmts the atlri- 
bides of an oryan to which the function af inn tiny a yrouji of 
neurons to action by activatiny its bfood-sn /ijily and of yoverniny 
the quantity of nervtms eneryy produced in these neurons ran be 
ascribed. 

Judging from the admirable liislologieal work of Andri(*zen 
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ajul Jierldpy^ th(? (jugorgeinuiit caused by poisons afTeets ibo 
tliree uf)p(‘r layers of the cortex most markedly. ^Dic liead- 
like swellings of the first-layer dendrites are well shown in the 
annexed illustration^ the lesions being those found in alcoholic 
insanity. 'Vlw. s(‘('ond layer and third lay(‘r are represented 
by the plate opposite page 550, reproduced from Berkley’s 
article, ricin poisoning, as previously stated, having l)een the 
cause of the (‘erel)ral engorgement. The cells of the last, or 
fourth (polymorphous), layer arc not shown, but the fact that 



Tkkminai. Tufts ano Endinos of ttif Protoplasmkj ArrcAi. Proc- 
esses IN THE First Layer (Human nRAiN-roRT5:x). 

(Amiricsen . ) 

Showing boad-Iike and moniliforrn swellings, coalescence of flue 
miliary granules in place, and loss of flue granulation in the most af- 
fected parts. The dotted lino marks the limit between the first and second 
layers. Alcoholic insanity. 

^larclii found that the ependymal neiiroglia-eells sent a central 
extension to the optic* thalamus, where it divided and became 
altaebed to the blood-vessels, shows that the circulatory 
mechanism I have described ajiplit^ to the entire cerebro-spinal 
system. Briefly, the crrebro^spinal ^systcnl us bnili up of neurons 
supplied until adrcnoxidase-ladcn blood-plasma through the in- 
termediary of protoplasmic ncnroglia-rells, ndiich regulate the 
volume of this fluid admitted into the neurons and, thereby, their 
fu nc i iona I a cl i v ity. 



TIIK SOMATIC CKNTKR OF THE NEUVOUS SYSTEM. 


091 


THE POSTERIOR PTTriTAPvY BODY AS THE SOMATK^ ( ENTER 
OF THE NKRVOI S SYSTEM. 

Jlowcvll,’'^’ ill the course ot' experiments wliieh let! him to 
conclude tluit “tiie inruiidihular lohe ot* the hyjH)|)hysis (tlu* pos- 
terior pituitary) is, in all prohahility, not a rudinumtary orean, 
hut a structure that has some important physiological activity," 
found, as I have already stated, that “the t‘\tra(ds of tlie 
glandular lolx^ (the anterior pituitary) hav(‘ litth* or no per- 
ci'ptihle effect wIkui injt'cii‘d alon(\ Ivxtracts of the small in 
fundihular lohe, on the contrary, have a distinct and nanark 
able effec't upon tlu* heart-ral(' aful hlood pi'essnri*, an elVect 
which r(*semhh‘s, in some respects, and ditlVrs, in othi‘i’s, from 
that sliown hy suprarenal extracts." 

W'e have s(*en in oui- previous analysis of tlu'se ohs(*rvat ions 
that th(i symptoms prodiN'cd were those of supi'arenal over- 
activity, and I hat the extract acte<l as <lid adii’iial (‘xtract ; tlu^ 
hcai‘t-)K*ai was “not only slowed, Imt <*onsiderahly aumnc*ni<*<l 
in forci*," says Ilowdl, “as shown hy ii'acin^s tak(‘n with a 
Iliirthh* inanoni' ter," etc. When holh va,u*i wen* cut or a 
litth* atropine was ^ixt'U, the slowing' of the heart was i(‘ss 
marked. 'The r(*sult of va^^’d section is evident. As to the 
atropim*, it prevent(‘d tlie slowing* h(‘caiis(*, wh(*n added to thci 
])ituitary extract, it modifies its action, hy iiddl>itin^ tin* func- 
tions of the adrenals as it do(*s those of (dher ;rl*jiids. But an 
interestin;i: (jU(‘ry impost's itst'lf in this coniu'ction : extract 

having at first stimulated the activity of tlu* a.dri'nals, liow di<I 
the latter, thi-ouLih the incn*ased oxidizing siihstance, hrin^^ ahont 
in('rease<! vapil action? 4'he answer is easily reaclu'tl : the f)os 
terior pituitary heinir also inereasin<rly su|)plied with oxiili/iu^^ 
suhstance, its activity is likewise increas(*d. Idiis enipliasiz(*s an 
im|)orlant feature: i.c., that the posterior pitiuiarf/ is function- 
ally stimulated, as is any other or<^an, hy the oxidizin^^ suhstance 
in tile l>hM>d passing tlirougli it. Indeed, the* nerve fihers wliich 
Berkley found to accoinjiany tlie arteries sugg(*st the pres(*nce 
of a functional arrangement similar H) that of any organ, while 


IIow<;!lI: “Transactions of CoiiKrcss of American PhyBicians and .Surgiioas/' 
vol. iv, p. S3. 1897. 
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the presence ol so many neuroglia-cells at the apex — i.e., where 
the posterior pituitary meets the inf unci ibulum — indicates that 
the neurons which they supply are tlie seat of marked func- 
tional activity. 

The feature brought out by Howell’s experiments, how- 
ever, is that the posterior lobe (including the pars intermedia 
as recently shown by Herring*'***") contains an active agency, 
^riiis harmonizes with my views, since, as we have seen, the 
anterior lobe is, to a ceitain degree, ])assivc in that it is stimu- 
lated to an inordinate degree only when toxics are present in 
the blood, while its normal activit}^ is sustained by the secretion 
of the thyroid gland. Though the ])urpose of both organs is 
similar, therefore, — the conversion of chemical energy into 
nervous energy, — the manner in which this is done is not similar. 
Indi'ed, in the posterior lobe, the exciting agency is, as just 
stated, precisely as it is in any organ : i,e,, oxygen. The [)osterior 
pituitary must, therefore, become physiologically active through 
the same ch(mii(*o-physical process that prevails elsewhere in tlie 
body. 

Indeed, wa have seen that the j)osterior lobe is, in reality, 
but an aggregate of neurons — and a ))recious aggregate it must 
be, ensconced, as it is, in a bony cradle and resting on a pillow 
of blood, to preserve it against shocks or traumatisms'! That, 
like all neurons, this aggregate dei)ends mainly upon a ])hos- 
phorus-containing ground-substan(*e has been sJiown. T will 
recall that (*yon,*'‘ in the course of a large number of experi- 
ments (since confirmed by Masay, see pages fis;] to 1)89), ob- 
S(?rved that: ^T. Any, even slight, pressure upon the hypophysis 
{i,e., both organs) immediately gives rise? to a sudden variation 
of blood-])ressur(' and to a notable reduction in the heats of the 
heart, the sti'caigth of whi(*h is at the same time considerably 
increased. 2. hfii'ctrical stimulation of the hypophysis, even 
with extnunely W('ak currents, produces exactly tlie same phenam- 
ena as (!o(‘s mechanical pressure, but in a much more intense 
manner. »‘h Extrac't of liypophysis, injected into the veins 
of an animal,, produces upon the heart and upon blood'pressure 
(‘fiects that are analogous to those caused by electrical and 

Ilorrlng: Quarterly Journ. .of Rxper. Physiol., vol. i, p. 281, 1908. 

De Cyon: Archives de Physiologic, July, 1898. 
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mecluinieal stiiiiulMtioii of this organ." 1 have pointed out that 
this pituitiiry extraci does not prove tlie exisUmee of a secretion 
at all, and that its aetioii was due to the presence in tft^rgan — 
as in all S3in])athetic structures, of chronialline, i.e,, of adrenal 
substance, liuhn'd, Oliver and Schiifer in 1895 found that 
|)ituitary extract could he boiled without destroying its ai'tion — 
a property whi('h a feniient sucli as the adrenal principle jms- 
s(‘sses alone. 'Idiis added to the ehroinalline and adrenalin re- 
actions and tli(‘ Tact that the elfects of pituitary e\tra(*t are 
precisely those of adrenal extract shows the fallaciousness of tlie 
s(*cretion doctrine. Oonv(‘rs(*ly the facts reviewed the pri'scuii'e 
of phosphorus, noti'd by liossbach, aiul the (dfi'cts of diri‘ct stimu- 
lation, ])lainly show that thr pos/rrior pi/nitan/, bciup liunnlp 
(‘(HU post'd tyf tK'uroHs atul thrir proloplasjnit' e.rlrnsions, is t/ie 
scat of rcartions sliniftir to those that prevoit In . other nerve 
ten levs. 

Tht‘ intrinsi(‘. processes upoii which the |>hysiological 
functions of ruMirons and ncrv(‘S depiuid secmi to me to l)(‘ ri‘p- 
res(‘nl(‘<l in the fon'going pag(‘S, but I have still to ac'count 
for the '‘stormy processes in tlui mu’vi'-tiber" to which- llai’ki*!* 
r(‘lVrs: Le., tlu^ exacerbations through which jiassive functions 
l)(‘come artire. Can we attribute tlu‘S(‘ to tlie ('(‘11s in the S(‘V- 
eral ('enters? “Xolwithsianding almost intinit(^ minor varia' 
tions in form," says rrofessor Barker, “the neurons in the most 
dilh-rent jiarts of the nervous system yiresimt surprisingly 
similar g(*neral external morjihological charact(’ristics." W'e 
liave seen, by the details furnished by the histological studies 
of Berkh'V, that such is not the case with the neurons in tin* 
]>osterior pituitary. Ind(‘ed, there are in this organ ten cells, 
exclusive of four of the neuroglia tv[)e that dilfer in morpho- 
logical charact(‘ristics, each of which receives from I5erkh‘y a 
scjiarate description. Not only do all the axons of tin? ('(‘Ils in 
this lobe jioint upward, ])ut the diversity of cellular sliapes is 
beautifully illustrated in the plate op|)osit(i page 59 a trans- 
verse vei-tical section of the infundibular region. 

^\'e have seen that above the infundibulum — i,e,, in tin; 
structurevS of the third ventrich? — he found “varieties of epen- 
dymal neuroglia-cells, previorisly suppos(*d to have entindy 
disa])peared from the central nervous system,^’ ek*., and which 
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were thought to be confined to ^'^reptilos, amphibia, and fishes.” 
The physiological role 1 have ascribed to iieiiroglia>celIs and 
fibers further enipliasizes the importance of tlicse structures 
and of tlie marked nutritional activity of whicli tlicy are tlie 
seat. As a complement of this I showed that Andrie/en traced 
a direct nervous connection in all classes of vcu'teb rates between 
the ‘^posterior lolie of the pituitary,” on the one hand, and 
^The olfac'tory center” and the ^‘biilbo-spinal centers,” on the 
other. 

When these facts and others reviewed are placed side by 
side with the adduced evidence (1) that the middle brain is the 
seat of a nervous mechanism through which highly differen- 

Transveuse Vertical Section op the Infundibular Region. 
ffl, Ijumen of vrntricle. a\ Lumon of infundibulum. 1, Primary forms of 
cpeiidymiil nouroKlia, the processes extending from a cell-like body ut the edge 
of the ventricular cavity to the subpial limit. 2, Coarser and less ramified 
variety of ependymal c<‘ll. 3, Coarser ependymal cells, brauebing within the 
inner half of the infundibular wall. 4, Portions of ependymal cells with tufted 
subpial branchings. r>. Unstained nerve-cells. C, I^yramidal coils with long, fine 
processes. 8, Transversely lying cells of small size with knobbed extremities. 
9, Pyramidal cells with large numbers of apical processes. 10, Probable ii.xls- 
cylinder extension of pyramidal cells with thickenings, and rectangular exten- 
sions to the subpial limit. 11, Nerve-fibers passing from the infundibular wall 
Into the tissues along the border of the ventricle. 12, Uurr-liko cells of the 
infundibular wall. 13, Line of the fl<»or of the bruin. 14, Long-rayed ependymal 
cells of the Juncture of the ventricular and infundibular cavities. 15, 15, Fir-tree 
ependymal cells of various sizes and forms lining the border of the ventricle. A 
few of them are seen to have rounded knobs adjusted against the pial limit of 
the basis cerebri. 16, Neuroglia cell approximating the short- rayed type of Golgi. 
17, 17, Sustentacular glia-cells of the inferior border of the tuber clnereum. 18, 
19, Gllu-cells with numerous loug aud stout hairy processes from the bodies, and 
thicker projections, probably transition forms between the sustentacular cells and 
cells of later development. 20, Probable nerve-cell resembling some of the glia- 
cells. 21, 21, Large mossy cells situated at some distance from the ventricular 
border. 22, 22, Nerve-cells of different forms. {Berkley,) 

tiated afferont impulses .iiit'et witli response, and (2) that the 
struetures to which Berkley and Andriezen refer are contained 
precisely in the central gray matter which Foster considers as 
“perhaps in point of origin the oldest part of the brain” and 
which “seems to serve chiefly as a bed for the development of 
the nuclei of the cranial nerves,” it seems clear to me tliat the 
posterior pituitary body is a general center in which active func- 
tions are incited and governed in response to afferent impilses. 

A neuron, we liave seen, presents the attributes of other 
organs ; tliat the analogy includes the functional limits of these 
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organs is very probable. Under these circumstances and taking 
the digestive system as example, a group of neurons consti- 
tuting the origin of a nerve would be able autoiimtioally to 
continue its passive functions between meals. Hut just as the 
onset of digestion, the active furu*tional state of the stoimu^h, 
involves an increase of the volume of blood supplied to its iwiis- 
cular and secretory elements, through vasodilator impulses, so 
would a nerve-center, when required to assume the active phase 
of its functions receive more blood {adrenoxidase-laden plasma) 
through artenal vascular elements governed by the posterior 
pituitary. 

Professor Foster^s reference to the central gray matter 
as a bed ‘^for the development of the nuclei of the cranial 
nerves” suggests that the posterior pituitary might possibly 
supply energy for all cranial nerves. The complex origins and 
connections of the optic nerve wouhl, under these' conditions, 
convert the posterior jiituitary into a source of energy, pure 
and sim])!e, for general distribution. Amj)le evidence to this 
effect is submitted in the second volume. 

This does not apply to the anterior lol)e, liowever, although 
its pars intermedia govenis the adrenals. Berkley says, of the 
anterior pituitary: ‘‘No nervc-rc//.s‘ are io be found in the sub- 
stance of the organ, and all nerves belonging to it appear t<) 
be derived from branches of the carotid ])lcxus.” This indi- 
cates that nervous energy supplied by this organ to iho. adrc'ual 
system, while produced through the intermediary of the 
layer of sensitive cells in the partition between the two lobes 
(see page 9(50 for its description), is due to a stimulating influ- 
ence other than that which prevails in tlie posterior lobe. In 
other words, while the iodine in organic combination in the 
thyroid secretion is the normal stimulus of the sensitive cell- 
layer, — and one of the many stimuli to wliich it responds, — the 
posterior lobe 'is made up of many types of neurons which 
depend upon the lecithin formed between their protoplasmic 
partitions for their functional activity, 

Thd organs differ markedly and significantly in one re- 
spect, therefore: i.e., in the fact that, while the whole of the 
anterior lobe is devoted to the one purpose of energizing the 
suprarenal center, the posterior is an aggregate of many cen* 
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ters. This indicates, it seems to me, that if the organ were a 
general source of energy for the whole bed of cranial nerves, 
irrespective of the individuality and purpose of each nerve, it 
would have been similar in general construction to its .mate, 
the anterior lobe. That it tends to suggest that each group of 
neurons in the posterior pituitary body is a highly specialized 
(‘enter for a single class of nerves. Indeed, this is experimentally, 
though indirectly, sustained by Audreizen’s researches. He 
could not have traced a direc^t nervous connection with the 
olfactory bulb and with the cerebro-s])inal axis liad the organ 
hi)im a center for the jiroducticm of energy intended to be diiFuvSed 
promivscuously in the central gray matter. 

Again, the ('onnection between the posterior lobe and the 
nervous system cannot be limited to the cranial nerves, since 
we have seen how intimate is tlie functional relationship in 
which alfertmt imjiulses obtain, between the middle brain and 
the entire motor system. Were the cranial nerves alone in- 
vo1v(h1, the skeletal niuscdes would have to be omitted from 
the list of stnictures under the organ’s control. As we have 
seen, removal of the middle brain abolishes all ‘^bodily move- 
ments,” as Foster ])uts it, ‘Carried out by means of co-ordinate 
motor impulses, influenced, arranged, and governed by coin- 
cident sensory or afferent impulses.” 

Yet, how (‘an the postm'ior lobe influence organs with 
wliich it has no anatomi(;al connection? Thus, the most prom- 
inent motor ])aths, the pyramidal tracts, arise, in the cortex, 
from the upper two-thirds of the central convolutions, pass 
down behind the knee of the internal capsule, and then pene- 
trate the middle third of the pes cerebri, tlien the pons and 
the medulla, and finally pass down the cord. Where is the con- 
nection with the j)osterior pituitary? When the tracts ‘‘emerge 
from the poiivS,” says Edinger,®- “their fibers form two large bun- 
dles in the ventral portion of the .medulla,” — i.e., in the regions 
of the middle brain, — where, as we have seen, not only all nerves 
(mdowed entirely or in part with motor properties — the second, 
third, fourth, fifth, sixth, seventh, eighth, ninth, tenth, elev- 
enth, and twelfth pairs — are represented either by their nuclei 


•* Edinger; Loc. rit. 



THE SOMATIC CENTER OF THE NERVOUS SYSTEM. 


507 


or by conuimnicatiii^ roots, but also where all nerves acquire 
certain vasoconMrictor, i.e., sympathetic properties. 

It becomes a (jiiestioii as to tlie manner h\ winch the cere- 
brum is itself functionally governed, in so far as its somatic 
functions are concerned. In the light of tlie foregoing facd-s 
we are brought to tlie eminently logical conclusion that, in 
order to insure jaMfi'i-t co-ordination of the fuiudional activity 
in all organs, a single structure is entrustid by Nature with 
this all-important role, i,e,, the posterior pituitary. The 
cerebrum, as the aryau of Mind, dilfers in no way from other 
organs*, from my vicM poiid. : its cin nlaliitn is also governed by 
the pituitary body during its activt? and ])as^^ive state': wake 
and slecji. I have previously r(‘ferred to the fai-t that the 
nu‘dulla is only a transmitting center: a gemu-al station to 
wliich impulse's from various elirc'ctions arrive liy the cord from 
below, by the (*ommissurt‘S from th(‘ (‘iieephalii! struetures, 
and establish jimeti<ms with the* sevc'ral paths with which they 
are relati‘il. ‘‘Hie ('nc(*phaton is a very complicated system of 
large and small continents of gray or ccMitral iumtous sub- 
stance,-' says Trofessor Duval, ‘‘eommunii'ating one* with an- 
othe*r and with the* nu'dulla by numerous commissure's.'’ 

We have se(*n how absolute*ly indepe*n(lent of motor func- 
tions the h(*mis|jhei'es are*, though volitional attribute's c'liahle 
the*m to utilize the^ motor system. Imh'eel, the* e‘X|)e‘i imental 
evidence adduced on this se-ore is imontrovertihle. I>ut the* 
same* elist.ingui'^hed physiologist says: ‘‘^rhe? n(*rve-e'(‘l!s of the 
cord (drill in this organ a continuous e*entral gray mass. e*\t;em]- 
ing from one (*.\tre*mity of the* organ to the; edlier. Hut, if the.* 
anatomist locates the supe*rior limit of the cord on a level with 
the oecijdto-atloidian articulation, for the* physiohigist the* cord 
extends int , the interior of the cranium ; it rt‘ae*he*s to the 
acjuealuct of Sylvius (the true origin of the mohir ociili com- 
munis and patheticus) and even on a level with the third ven- 
trich^— the gray sulistance of the walls of tliis ventricle.” We 
have seen that he also referred U) its reaching uj) to the sedla 
turcica. That it is within this bony structure that the main 
center of this vast ineclianism — with its extemsions and ter- 
minals, including the vasomotor fibers — li(*s, has been sufli- 
ciently emphasized. I feel, therefore, that 1 have good 
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ground for the previously-mentioned postulate that the posterior 
pituitary is a .chief center from which arise excito-motor im- 
pulses now thought to originate in the bulb. 

The relationship that exists between the cranial nerves and 
the posterior pituitary body now becomes apparent. Not only 
does it seem as if the motor properties either in toto or in part 
owed their functional impulses to this body, but those which 
regulate its functional blood-supply also. Again, as all organs 
require functional impulses and blood, and inasmuch as 
these impulses and the blood must be incited and governed, 
all organs must be functionally dominated by the posterior 
pituitary body. Indeed, all the data that I have presented in 
this work tend to show that the posterior pituitary body is a 
dominant center of the orga/nism; it influences the functional 
activity of all (yrgans, through the intermediary of the subsidiary 
centers located in the bulb and spinal' cord. The scope of these 
functions is defined in the sixteenth chapter. 

The anatomical relations of the posterior pituitary are 
shown in the annexed plate which portrays the relationship be- 
tween this organ, the floor of tlie third ventricle, the medulla, 
the pons, and the cord — all of which are continuous. 

THE POSTERIOR PITUITARY AS THE SENSORIUM COMMUNE. 

From all the data submitted and the normal functional 
association embodied in reflex phenomena manifested through 
various nerves — the vagus, for example — ^motor-efferent phe- 
nomena are the normal sequences of sensory-afferent impres- 
sions, and the two are necessarily linked. The pons Varolii, or 
at least its gray ganglionic substance, is now thought to originate 
motor impulses that are independent of mental processes and 
to be the seat of instinctive acts. ^Tt is, indeed, to the pons,^^ 
says Professor Duval, ^‘^that, in a general way, we appear au- 
thorized to ascribe the most important role in great emotional 
expressions : laugliing, weeping, the cry of pain ; in a word, in- 
voluntary manifestations. It is in this sense that the term 
sensorium commune applied to the pons should be understood. 
Indeed, if, as was done by Vulpian, the corpora striata, ih^ opUa 
thalami, the tubercula quadrigemina, and the cerebellum [ 



:f; FLirvi'EiiinR pituitary ruliy as uener./'. 

SENTE R UP THE NERVOUS SYSTEM. 

Showing nontlmiatloa from tho Posterior Pituitary Body, of 
tha Infundibulum, tha Flour uf tiiu Third Vaiitrlcla, thu Mori alia 
□hloiigata, and the Curd. 

1, Corpor.a Quadrlgeralna, 2, Motor Dcull, 3, Pathetlcus, 

4, PostGrior Pituitary Body, 5, Mnti:i' Broiich ut Flllh, 

B, CorGbElluin, 7, ilbducens. B, Trlgaraluna. □, Fourth Vgii- 
trlclE, lU, Glosso-pharyngaus, 11, Faciali 12, Pntjuinogaslria 
[yagu:;], 13, Auditory. 14, Hypoglossal, 15, Spinal Accussury, 

13, Spinal Cord, 17, Superior Cervical Ganglion. 18, Loft Homi- 
sphtro. 18, Third Ventrlclo, 28, Infundibulum. Pil, Anterior 
Pituitary Body, 22, Optic Nerve. 23, Carotid Plexus. 24,Ca3- 
aerlan Ganglion. 25, Spheno-palatlne Ganglion. 2G, Funs Varulll. 




THE CENTRAL SBNSORIUM. 590 

successively removed, the animal still shows, by cliaractcristio 
agitations and plaintive cries, the pain it experiences wlien sub- 
mitted to strong external excitations: i,e., when its leg is 
squeezed with pincers or a bare nerve is excited. If the ])ons 
itself and the upper part of the medulla are now destroyeil, the 
animal at once ceases to respond by similar cries and agita- 
tions.^^ . . . "An animal that has lost its pons has there- 
fore lost a center for the perception of senaUire impressions/' 
The gray ganglionic substance of the pons is, we have seen, a 
part of the central gray matter which begins in the posterior 
pituitary body : a fact which suggests that the latter may be the 
seat of functions now ascribed to this part of the pons. 

Indeed, these instinctive involuntary acts are dominant in 
the entire phylogenetic scale even in vertebrates devoid of skull 
or brain: the amphioxus, for example, down to which Andriezen 
traced the structures which ultimately become the pitiiitjiry 
bodies. It is difficult to conceive of an inciting and governing 
efferent impulse from the posterior pituitary without an af- 
ferent impulse conveying to it the needs of the organ to bo 
incited to activity and governed. Duval refers to weeping, for 
instance; tears, we have seen, are brought on by increased cir- 
culation and stimulation of the cellular elements of the lacry- 
mal glands; what is this but functional activity enhanced by 
impulses to the posterior pituitary — if my previous conclusions 
are at all warranted? 

True, we are dealing primarily with a mental phenomenon, 
but this only proves that afferent impulses may reach the poste- 
rior pituitary from the cortex of the hemispheres as tlu^y can 
from any organ. Nor is the act an instinctive one; ))ut this 
fact also affords supporting testimony, since it tends to show 
that the organ is not only influenced by impressions of a purely 
reflex kind, or connected merely with organic life, but also by 
the highest form of nervous action: ue,, mentality. What 
better evidence can we have of this than the violent cardiac 
action; the trembling; the involuntary excretion of urine, of 
faeces, of sweat; or even the sudden arrest of the heart, all of 
which phenomena may attend intense fear, and all due to loss 
of control hy ihe posterior pituitary, under the violence of the 
mental impulses over • • • muscular tissue: cardiac, skele- 
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till, cystic, intestinal, and sudorific? To this list I may add 
loss of control over all vasoconstrictors, since we have relaxa- 
tion of the larger internal vascular trunks, central engorge- 
ment, in virtue of the principle — ^Vessels supplied with a mus- 
cular coat and capillaries are mutually antagonistic in contrac- 
tion and dilation” — submitted in the earlier chapters and the 
mechanism of whicli we can now understand. Both antag- 
onistic conditions arc expressed in another symptom of fear: 
i.e., intense ])allor, the lividity of Asiatic cholera and, indeed, 
of the moribund. Truly instinctive, however, is the sudden cry 
or scream brought on by unexpected pain: evidently the result 
of an impulse to the posterior pituitary, since we again have a 
series of muscular actions of the chest, glottis, etc., which are 
necessary for the cry. Laughing, sneezing, coughing, and other 
kindred acts are all manifestations of motor activity; and so is 
vomiting the result of afferent and efferent vagal impulses, 
again with muscular structures as the mechanicar factors and 
the jmstcrior pituitary as inciting and governing organ. 

And a stj’iking proof of this is furnislied by the fact tliat 
these manifestations of activity not only prevail in a frog de- 
prived of its hemispheres, but that, if the animal is kept alive 
and in good health, signs suggestive of intelligence appear. 
‘‘For days or even weeks after the operation,” says Professor 
Foster, “there may be no signs whatever of the working of any 
volition; but, after the lapse of months, movements, previously 
absent, of such a character as to suggest that they ought to be 
called voluntary, may make their appearance. . . . Even 

in their most complcde development such movements do not 
negate the view tiiat the frog, in the absence of the cerebral 
hemis[)hercs, is wanting in what we ordinarily call a Svill.^ ” Nor 
need they. Tor these so-called involuntary, instinctive acts are 
dominant even in vertebrates devoid of skull or brain: the 
amphioxus, for example, down to which Andriczen traced the 
structures whiidi ultimately become the pituitary bodies. 

Tliat the poxsterior pituitary is a dheerning organ, and one, 
at that, capable of simultaneously subserving many functions, 
seems very jirobable. Totally independent of the brain, though 
its servant when need he, it appears to me as the undoubted 
seat of the many centers — i,e,, for cardiac action, respira- 
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tion, vasomotor action, sneezing, coughing, etc. — tliat liavc been 
located in the medulla oblongata. True, local disease or trau- 
matism point to the ‘‘bulbar” areas concerned as “centers.'’ 
But if the bulb is given the role which I believe it to fuinil, 
— i.e,, that of a secondary or rather subsidiary consoriaUtKj 
organ, — it wdll become apparent that any lesion capabh^ of 
blocking the multitude of afferent and effer(*nt impulses that 
traverse it at all times and which represent the aggregate of the 
organisms inciting and goveming energy must n(‘C(‘ssarily 
(‘ompromise life or the functions of an organ to which the 
blocked nerves are distributed. 

T liave expressed the ))elicf that there tu*e but two gen- 
eral subdivisions of .tlio nervous system, and that Ixffh of these 
have the posterior j)ituitary body as their general c(‘nter. This 
view has not only been sustained by the analysis of the func- 
tions of the various organs, but it seems to me fully to cointade 
wdth established facts. 

Ah Jlegards liJff event (Motor) InipnlseH . — It has been experi- 
mentally detennined that all fibers that originat(‘ from roots in 
the anterior portion of the cord are efferent: i.e., trjinsmit motor 
impulses from the cord to the periphery. Keetion of these 
fibers causes: in muscles, paralysis; in glands, cessation of 
secretion ; in vessels, dilation. 

Interpreted from my standpoint, these morbid phenomena 
are accounted for as follows: As the active functional state of 
any organ is brought on, we have seen, by strictodilation of its 
arterioles, i.e,, constriction of their vasa vasorum (that attending 
the pasnive functional state), section of the nerve transmitting the 
constrictive impulses brings on the opposite of active function, — 
i,e,, paralysis, — or, if distributed to a gland, arrest of secretion. 
Although the same impulses serve to incite and govern the 
cellular activity of the organ, paralysis, muscular or glandular, 
is not due to the loss of these two functional attributes, since 
section of vagal efferent nerves, which only incite and govern 
the active functional state beyond tonic contraction, does not 
cause paralysis. The immediate cause of the latter is slowing 
of the blood-stream : i,e,, reduction of the supply of oxidizing 
substance. The cellular elements lose their mechanical energy 
and can no longer be incited to action and governed. The 
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mechanical energy being due to the adrenoxidase present, it is 
traceable through the adrenal system to the anterior pitvitary 
body, wliile the inciting and governing influence, being of 
cerebro-spinal origin through the anterior root severed, is 
traceable to the posterior pituitary body. That it is of central 
origin is shown by the fact that removal of the pituitary is fol- 
lowed by general vasodilation. 

Control experiments are represented by the well-known 
facts that stimulation of an anterior root causes vasoconstric- 
tion and increased functional activity, and, if sufficiently 
strong, convulsive movements of muscles. The latter, as we 
have repeatedly seen, are due to excessive oxidation of the 
muscular elements — complemental testimony to the effect that 
inadequate oxidation is a primary source of paralysis or at 
least of functional inhibition. 

I have previously shown that the bulbar vasomotor center 
and the cranial nerves that possessed motor properties occupied 
the same medullary region: the upper. As general motor 
nerves possess vasomotor properties, the reason for this is 
obvious. Again, we have seen that the cranial nerves which 
acquire motor properties by anastomosis were grouped in the 
lower portion of the medulla. The Entire organ thus becomes 
a conductor for general motor impulses, whether transmitted 
by the cord (as indicated by the general vasodilation incident 
upon medullary section) or by cranial nerves. 

Although this aggregate of motor areas in the medulla 
represents but radiating paths from a common center, the 
posterior pituitary lobe, present conceptions as to their dis- 
tribution — whether to the extremities, the thorax, the cranial 
nerves, etc. — or their anatomical relations with the hemispheres 
— the cerebellum, etc. — are in no way modified. All we need 
to bear in mind, and as will be shown later, the sympathetic 
system is not an autonomous system of nerves, and that it is 
a subdivision of the general motor system originating, like all 
motor nerves, from the cord, while its impulses emanate from 
the pituitary. 

. Summarized, these facts — which will be supplemented by 
evidence in the second volume — suggest that, while the medulla 
oblongata is an important consodaiing organ, its centers receive 
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impulses from, and are controlled and co-ordinated by, the 
posterior pituitary body. 

Unlike the anterior lobe, which governs anti sustains oxida- 
tion and metabolism through the adrenals, however, the posterior 
lobe is not necessary to life, since it is but a co-ordinating 
structure. 

As Keyards Afferent (Sensory) Impulses . — It lias likewise 
been experimentally ascertained that all fibers that originate 
from roots in tlie posterior portion of the cord are alfereul: i.e., 
transmit sensory impulses from the periphery toward the cord. 
Section of these roots is followed by loss of sensation. 

Interpreted from jny standpoint, sensory impressions arc 
similarly transmitted from all parts of the organism, and the 
one general sensory system supplies the needs of all. The 
nature of the impulse being governed by the specific cellular 
characteristics of the peripheral structures which ri‘ceive thci 
impressions, whether related to a special sense, general sensi- 
bility, variations of functional activity, etc., tlu*y all reach 
the posterior pituitary. That such is the case is suggested 
by the fact that, while frogs deprived of the hemispheres ex- 
liibit typical signs of contimuMl co-ordination and sensation, 
removal of the bulb then causes them no longcT to show these 
signs. This does not exclude the functions of subsidiary cen- 
ters, — i.e., reflex centers, ganglia, etc., — which ])robal)ly serve 
as accumulators of energy, and act in lieu of the posterior 
pituitary body unless the peripheral stimulation exccied their 
potential as to the efferent energy actively used. The law of 
generalization of Pfliiger, — i.e., propagation of (reflex) impulses 
to the medulla under excessive excitation, — which, according 
to my view, applies to the posterior pituitary, tyju’fies the 
maximum effect produced under such conditions, and further 
demonstrates the connection between the periphery and the 
latter organ. 

Control experiments are represented by the familiar re- 
sults of stimulation of the dorsal roots, which causes augmenta- 
tion of reflex activities and of conscious sensations. I'he reflex 
inhibition of functional activity of certain organs I have 
ascribed to excessive stimulation: in accord, therefore, with 
foregoing facts. This affords the complementary concordance 
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required to place my conception of the functions involved on 
a solid foundation. 

All these data suggest a postulate, the importance of 
which must be emphasized: ix., the identity of the posterior 
pituitary body as the center upon which all emotions, shock, 
etc., react, and as the organ which initiates the phenomena 
that attend the impressions thus produced. 

That this organ is directly or indirectly connected with 
the cerebrum in all phenomena pertaining to intelligence, 
reason, and will, precisely as its motor functions — other than 
the purely automatic ones — may be dominated by these higher 
manifestations of nervous activity, need hardly be emphasized. 
'"Sensory” in its broad sense, from my viewpoint, and refers 
to impressions received by all end-organs endowed with sensa- 
tion, as previously stated. Whether these first reach the eye, 
the car, the cutaneous surface, the gustatory papilla^ the olfac- 
tory area, etc., or be due to traumatism, surgical procedures, 
an abnormal mental state, such as attends fear, grief, or other 
emotions, etc., we arc always dealing with molecular jarring 
of the posterior [)ituitary body: harmless when slight, patlio- 
genic when sufficiently intense, but fatal when a certain limit 
is reached. Precisely as the current passed through the region 
by the VV'cber brothers inhibited the heart, so can frigid, in- 
tense pleasure, or shock prove fatal by inhibiting the heart, 
but primarily by jarring the posieriar pituitary body — or, 
speaking more correctly, by inducing excessive molecular vibra- 
tion of its elements. 

The maximum effect of shock thus becomes an arrest of 
nervous impulses through which function is sustained via the 
eerebro-spinal axis. This may well be illustrated by the de- 
scription given by Professor Stewart of the ''various phenomena 
which are grouped together under the name of shock” as ex- 
emplified by section of the cord. "When the spinal cord of a 
dog is divided, — in the dorsal region, — all power — ^all 
vitality, one might almost say — seems to be forever gone from 
the portion of the body below the level of the section. The 
legs hang limp and useless. Pinching or tickling them calls 
forth no reflex movements. The vasomotor tone is destroyed, 
and the vessels gorged with blood. The urine accumulates. 
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overfills the paralyzed bladder, and continually dribbles away 
from it. The sphincter of the anus has lost its tone, and the 
feces escape involuntarily.” I hardly need to em])hiisize the 
fact that we have here a summary of all the phenomena which 
attend loss of functional activity: of those, at least, I ascribes to 
the posterior pituitary body. 

But this experimental section of the cord was also chosen 
as an example of the wonderful resources of nature when 
lifers functions are to be preserved. ‘Mf we were to (‘ontinue 
our observations only for a short time, a few hours or days,” 
continues the author, ^Sve should be apt to ajipraise at a very 
low value the functions of that i)art of the cord whi('h still 
remains in connection with the paralyzed e\tremitit‘s. But 
these symptoms are essentially tem|)orary. They are the re- 
sults of shock; they are not true deficiency’ ])henomcna. And 
if we wait for a time, we shall find that this torpor of the lower 
dorsal and lumbar cord is far from giving a true pi('ture of 
its nonnal state; that, cut off, as it is, from the influence of 
the brain, it is still endowed with marvelous ])ow(vrs. If we 
wait long enough, we shall see that, although voluntary motion 
never returns, reflex movements of the hind-lind)s, complex 
and co-ordinated to a high degree, are readily induced. Vaso- 
motor tone conies back. The functions of defecation and mic- 
turition are normally performed. Erection of the ptuiis and 
ejaculation of the semen take place in a dog. A man with 
complete paralysis below the loins and destitute of all sensa- 
tion in the paralyzed region has been known to become a 
father (Brachet). Pregnancy carried on to ]al)or at full term 
has been observed in a bitch whose cord was completely divided 
above the lumbar enlargement.” 

How can the return of functions — so far unexplained by 
physiologists — be accounted for? The foregoing data suggest 
that the pituitary should be the organ ^^shocked” by the opera- 
tion. Moreover, removal of this organ, except after its gradual 
destruction by disease, produces identical effects. Indeed, the 
resumption by the lower and dorsal cord of its normal functions 
would not occur if the path from the pituitary to the adrenals 
had also been severed. As Goltz and Ewald have shown, ani- 
mals deprived of their cord from the bulb down cannot keep 
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warm, and even die of cold; but Ott found that this did not 
happen when the section was made below the fifth dorsal. As 
this is immediately below tlie region where the pituitaro-adrenal 
nerves leave the cord to enter the sympathetic chain and thence 
pass on to the adrenals, these results find their ready explana- 
tion : As soon as the posterior pituitary had recovered from the 
shock, it resumed its influence on the adrenals, the secretion 
of whicli, as previously shown, endows the hajmoglobin with its 
oxygenizing constituent. Metabolism — ^the life process — being 
resumed in tlie severed segment of the spinal cord, its normal 
functions returned. 

It seems extraordinary to connect the adrenals — as I did in 
iy()c‘l in the present work — ^with fright, anger, traumatic sliock, 
etc. ; and yet the recent experimental work of Cannon and de la 
in the Harvard laboratories of pliysiology, has demon- 
strated tliat under the influence of such emotions in the eat the 
inferior vena cava contains an excess of secretion. Cannon and 
Hoskins"^* also state in this connection: ^^The similarity be- 
tween surgical shock and tlie condition of an animal after to- 
inoval of the adrenal glands suggests that possibly in surgical 
shock the injury to large nerve trunks may discharge the 
adrenal glands to such a degree that they are unable to continue 
tlieir normal functioning.” 

If to all this be added the fact that the manner in which 
violent emotions, fright, trauma, sliock, etc., provoke various 
diseases, exophtlialmic goiter, railway spine, and concussion, 
for instaruje, it seems probable that the posterior pituitary body, 
as the most highly organized aggregate of sonmtic nerve-centers, 
is the organ upon which all shocks — physical, i.e., cerebral or 
traumatic — react. 

Illustrative also of the role of shock, physical and mental, 
in the production of disease is acromegaly. Fully 20 per cent, 
of these cases are due to some form of accident, often falls upon 
the head. Its syndrome, better than any other disease, shows, 
from my viewpoint, the relationship between the pituitary and 
the body at large. Hence its presence at the end of the present 
chapter. 

Cannon and de la Paz: American Journal of Physiology, April 1, 1911. 

Cannon and Hoskins: ihicl., April and December, 1911. . 
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ACROMEGALY: PIERRE MARIE’S DISEASE, AND GIGANTISM. 

The first question that imposes itself in this conneetioii is 
whether the pathogenesis of this disease of tlie pituitary body 
must be based upon the prevailing belief that tliis organ is a 
secreting gland or, as I believe, upon its identity as a co- 
ordinating center which includes, among its functions, that of 
governing the secretory activity of the adrenals and thyroid 
apparatus. 

I have already urged that the prevailing opinion that the 
pituitary is a secreting gland has so far remained unproven, 
while every item of evidence brought in favor of this view can be 
shown to be questionable as sucli. The main argument in its 
favor is that extracts of its posterior lobe can produce vaso- 
motor phenomena; but this fact loses its value in the ])resenco 
of WieselV^ demonstration that this lobe is ricli in cbromallin 
substance, i.e,, in adrenal principle. That under these conditions 
its extracts should give rise to the same phenomena as the latter 
is plain. To enumerate these jdienomena is to r(‘hearse all those 
that were credited to the secretion of the adrenals in the second 
chapter by the many investigators cited therein. Tlius, 
Mairct and Bosc^'"* found in 1896 that subcutaneous inj(‘(dions of 
pituitary extract caused a rise of temjierature which lasted 
a couple of hours. An intravenous dose ])roduced marked 
myosis, slowing of the respiration, powerful cardiac beats, and 
hyperthennia as main signs, the animals recovering, however. 
Schafer and VincenP“' then found that pituitary substance raised 
(he blood-pressure, and that this substance when applied to 
mucous membrane caused blanching, as is the case when a 
solution of adrenalin is applied. They also noted that in small 
mammals it caused, in toxic doses, paralytic symptoms which 
they also consider analogous to those caused by adrenal extracts. 
According to Jas. Barr,^*^ pituitary extract actively produces 
arteriosclerosis, and it is also known to produce glycosuria. 
Finally, Hal lion and Carrion, studying its therapeutic action, 
found that pituitary extracts ^^always produced their effects by 

Wieael: Internatfonal Clinics, vol. II, 16th series, 1905. 

“Malret and Bose: Arch, de physiol., p. 600. 1896, 

•• Schfifer and Vincent: Jour, of Phy8iol.« VOl. XXV, p. 87, 1899. 

•^Barr: Lancet, Nov. 13, 1899. 
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raising the arterial tension.” In other words, it awakens all 
the typical phenomena, physiological and pathological, to which 
the adrenal product gives rise. 

Twelve other general facts, covering a wide scope of research 
in the domain of various branches, submitted on page 510, also 
indicate that the pituitary is not a secreting organ. 

Again, if the pituitary body were the source of an internal 
secretion its removal, as has been repeatedly done in recent years 
by llochenegg, Cushing, and others for tumors, should prove 
harmful if not fatal, as is the case when the thyroid apparatus 
or the adrenals, which we Icnow to be the source of internal 
secretions, are removed. But such is not the case. If, on the 
other hand, the pituitary is considered, with me, as a co-ordinat- 
ing center supplied with subsidiary centers in the bulb, which 
centers could nonnally assume its functions gradually as the 
chief center is being destroyed, we can readily understand how 
a degenerated and useless pituitary can he removed with 
impunity. 

Twenty-six years have elapsed since Pierre Marie identified 
acromegaly with the pituitary, and it must be admitted that 
the secretory theory has served but little if anything to elucidate 
its pathogenesis. Indeed, notwithstanding the painstaking 
labors of many distinguished observei’s, (Tcorge Dock**" could but 
write of it recently (1011) : “Acromegaly is closely associated 
with disease of the j)ituitary body, but the alterations reported 
by various observers have been interpreted so differently that it 
is still uncertain just what the true relation is.” The semeiology 
of the disease and its pathology have been raised quite to the 
high level of diseases that have had the benefit of centuries’ 
analysis ; but the relation between the seat of lesion and the 
clearly defined external phenomena of the disease still belong 
to the domain of conjecture. Will my interpretation of the 
functions of the pituitary body prove more fruitful in results? 
All that is claimed for it is that it offers a field for new lines of 
thought. 

Pathogenesis and Symptomatology. — Tamburini*® has 
shown, after an analysis of twenty-four cases in which autopsies 

««Dock: MuBBer and Kelly: “Practical Treatment,’* p. 853. 1911. 

»» Tamburini: Rlv. Sper. di Fren., p. 659, 1894, and p. 414, 1896. 
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had been made, that ‘‘in all typical cases of acromegaly a growth 
of the pituitary prevailed, but that there was, at first, hyjKu tropliy 
of the gland, with exaggeration of Us functions, and, later on, 
abolition of these functions/' a view in wliich Harlow lk'ooks,^“ 
after a painstaking study of the whole subject, concurs. These 
and other facts 1 will submit below have suggested tlie advis- 
ability of dividing the disease into two stages, tlie first represent- 
ing the ascending period of the disease in the sense of exag- 
gerated nutrition, terming it the sthenic stage, and to add thereto 
another stage representing the period of decline, as was done in 
other diseases of the ductless glands, namely, the asthenic stage. 
This will make it possible to identify the meaning of eacli 
sym})tom, and also, perhaps, to suggest more efluclive remedial 
measures than those now employed. 

The characteristic phenomena of acromegaly have naturally 
eslahlished it as a disease of nutrition, as foundation for the 
many theories that have been advanced to ex})lain its patho- 
genesis. To account for its symptoms, therefore, through organs 
such as the thyroid and adrenals, to which 1 have attributed 
such leading functions in oxidation and nutrition, must a priori 
seem, to say the least, reasonable. Again, the identity of 
tlie pituitary body as the starting point of tin; disease has 
been demonstrated by Marie and many other observers since. 
If, therefore, exaggeration of function is followed by abolition of 
function, another established fact, we have seen, we ar(‘ brought 
to the logical conclusion that the diseased pituitary first excites 
the thyroid and adrenals, wdiich, as I have shown, provoke 
hyperthyroid ia and exoplithalmic goiter, and also hyperadrenia, 
and that it subsequently depresses these same organs, bringing on, 
to a more or less marked degree, the opposite states: hyjiothy- 
roidia, myxeedema, ami Addison^s disease or its milder prototype 
hypoadrenia. Interpreted from this viewpoint, then, the disease 
might be defined as follows : — 

Acromegaly is a disease of nutrition, due to any condition, 
hyperplasia, neoplasm, etc,, of, or any pressure upon, the pitui- 
tary body, capable of primarily exciting abnormally this organ, 
and then of progressively anntdling its functions, and also, there- 
fore, those of the organs it controls, viz., the adrenals and thyroid 

Harlow Brooks: Arch, of Neurol, and Psychopath. » vol. I, No. 4, 1898. 
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apparatus, whose combined secretions sustain tissue oxidation, 
metabolism, and nutrition. Its symptoms are, during the first 
stage: excessive tissue growth, merged with those of hyperthy- 
roidia and hyperadrenia, and, during the second stage, with 
those of hypothyroidia and hypoadrenia. 

No reference is made here to the other functions of the 
pituitary in order to restrict the morbid process to its main 
general cause. 

The sthenic stage is replete with clinical evidence of the 
participation of the thyroid apparatus in excessive development 
of tlie body. There are several cases of acromegaly on record 
which, by showing in an exaggerated manner the involvement of 
the pituitary,— to the point of bringing on all the prominent 
signs of exophthalmic goiter, — clearly indicate the participation 
of the thyroid even in those cases in which such prominent 
phenomena do not appear. Thus, Ijediard^^ exhibited a case 
before the Clinical Society of London, in which the accom- 
panying goiter was sufficiently large to require operation. Neal 
and Smyth’® also witnessed a case in which a parenchymatous 
goiter was present. Sometimes swelling of the neck, which 
develops into a goiter, is the first symptom observed, as in a 
case reported by Grove.’^ In these cases, which but exemplify 
many others on record, the goiter might, however, occur as an 
independent condition. But in many instances the full synd^rome 
of exophthalmicf goiter is present. Lancereaux’^ reported 5 
such cases, and Murray’® 2 out of 4 cases of acromegaly he had 
witnessed. Exophthalmus, tremor of the hands, and glycosuria 
were prominent features. Hinsdale,’® in fact, found exophthal- 
muB in 23 out of 130 reported cases — evidence of the frequency 
with which the major symptoms of exophthalmic goiter are 
present, and of the important factor the thyroid apparatus must 
represent in the pathogenesis of acromegaly. 

As to the adrenals, we must not lose sight of the fact that 
we are dealing with the sthenic stage of the disease, that in 
which both the thyroid apparatus and the adrenals are rendered 

»Ledlard: Brit. Med. Jour., April 4, 1903. 

T*Neal and Smyth: London Lancet. July, 1898. 

Grove: Bulletin Johns Hopkins Hosp.. Sept.. 1910. 

Lancereaux : Semaine mOdicale, June 24, 1896. 

Murray: Edinburgh Medical Journal, p. 170, IW. 

^ Hinsdale: ^‘Acromegaly,*’ p. 23, 1898. 
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overactive by the irritated pituitary. Here, tlierefore, the con- 
nection is with excessive activity of the adrenals, such as adrenal 
hypernephromas furnish. Now, Owen Kiehards'^ describes such 
a case in a girl of 7 years, ^Vho was as tall as a person of 20.’" 
Tileston and Wolbach,’^ referring to this type of eases, state that 
^^they are obese and abnormally large for their age, a child of 5 
years ^ving the size and general appearance of a boy of 1(> 
(Linser’s case). Pigmentation of the skin may occur, but the 
color is more like that of a brunette than like the bronzing seen 
in Addison’s disease. The intellect is dull and tlie disposition 
sullen. Appetite and sometimes thirst are increased, and vomit- 
ing is likely to be an obstinate feature” ... As those 
phenomena occur as the result of an excess of an adrenal tissue, 
however, the body growth might only occur solely as an cll'ect 
of such a surplus of adrenal secreting tissue ; but that normal 
adrenals under stress — as they arc in acrornegal}^ — are capal)le 
of producing it, is well shown by the additional statement of 
Tileston and Wolbach’s, that ^^in three instances (Otto,^’’ 
Crecchio,*® Marchand^^) premature development has been asso- 
ciated with simple hyperplasia of the adrenal glands.” 

' We thus have functionally overactivc the two organs known 
to stimulate growth by their secretions: the adrenals, we have 
just seen, and the thyroid, as illustrated by its iriHuence on 
body growth in the treatment of cretinism; and if, as Meige 
wrote: ^‘Gigantism is the acromegaly of the growing period, 
while acromegaly is the gigantism of the period of contpleted 
development,” these two organs, beyond doubt, account for the 
morbid growths. When to this we add the recognized fact that 
the thyroid apparatus influences calcium metabolism, we have 
all the factors necessary to trace the most characteristic phenom- 
enon of the disease: the progressive enlargement of the bones 
and soft tissues, to its source. Marie restricted his conception of 
the disease to enlargement of the extremities (hence, axpov^ 
extremity, and fieyag, l^irge), but, besides these, the bones of 
the skull, face, arms, and legs, the spinal column, scapula?, 


” Ricbarda: Guy’s Hospital Reports, vol. llx, p. 217, 1905. 

™ Tileston and Wolbacb: Amer. Jour. Med. Scl., June, IW. 

’•Otto; "‘Path. Anat.,*’ p. 139, 1819. Cited by Tileston and Wolbach, Ibid. 
••Crecchlo: Wien, PretM^ K. 30, p. 763. Cited by Tileston and 

Wolbach. Ibid. 

Marcband: Beltr. aur WtiMtenilt. Med., B. 1, 1891. Cited by Tileston and 
Wolbach. /ML 
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clavicles, and the ribs are also caused to grow, increasing the 
stature in the young and building upon giants, but causing 
deformities (projection anteriorly and posteriorly of the thoracic 
cage — of which the double hump of Punch or Punchinello is 
the type — in some) in adults. The soft tissues over the entire 
body are no less overnourished; the enormous hands and feet, 
the hypertrophied muscles, which, notwithstanding their great 
bulk, arc weak, and the hypertrophied heart, scalp, face, lips, 
tongue, penis, (de., bear witness to this fact. 

Side l)y side witli tliis morbid growth we witness, more or 
less marked, the other phenomena of thyro-adrenal activity. 
There is abnormal demand for food; indeed, bulimia is con- 
sidered by Hinsdale'*- as ^^one of the characteristic signs of 
acromegaly” — a fact which points to exaggerated metabolism. 
Thirst is also marked in some cases ^^out of all proportion to 
even the extraordinary size of the subjects,” says the same 
writer, a syinptoni which he connects ^Svith the glycosuria present 
in many cases.” But liere, also, we are dealing with a promi- 
nent symptom of exophthalmic goiter, and also of adrenal over- 
activity, since, as shown by Blum, Herter, Croftan, and others, 
injections of adrenalin produce it. So marked, in fact, is the 
connection between acromegaly and exophtludmic goiter and 
glycosuria that it has attracted attention. Lorand,^® for in- 
stance, observed, independently of my views, that there was an 
intimate relationship between these disorders; that similar 
conditions: fevers, traumatisms, shock, etc., brought all three 
on ; that ))oIyuria, polydipsia, polyphagia were also met in all. 
In all three also more or less pronounced swelling of the thyroid 
occurred, having himself noted it in diabetes. Ijaunois writes 
in this connection: ^^Whether we adopt the view of Loeb, 
involving pressure changes, or that of Sajous, relative to nervous 
irritation [ transmitted to the thyroid, adrenals, etc.], however, 
the presence of an intermediary is further required for the 
production of glycosuria. According to some, this intermediary 
factor is the pancreas; in the opinion of Gilbert and his fol- 
lowers, it is the liver which, under the.se conditions, becomes func- 
tionally overactive; according to Sajous, it is the adrenals, to 

Hinsdale: Lov. cif., p. 27. 

^ Liorand: La Presse m^dicale, Sept. 19, 1903. 
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which he traced nerves from the pituitary."’ Here, again, my 
views harmonize those of otliers; the adrenal secretion, by 
enhancing general metabolism, increases tlie functional activity 
of the pancreas and thereby the production of aniylopsin; the 
hepatic glycogen is then converted by this ferment into glucose 
at an abnormal rate, producing glyca*niia and glycosui’ia. 
Hence, it is by exciting the adrenals that the pituitary in acro- 
megaly causes glycosuria. The circulatory i)henomena includ(\ 
we have seen, tachycardia where other signs of ('xophthaimic 
goiter prevailed. Others have noted a ‘^paradoxical accchu’atioii of 
the pulse.” The “frequent and copious sweating,” th(‘ trcMuors, 
the cramps, para^sthesias, tingling, shooting paijis, due to circula- 
tory disturbances in the neurons, sensory endings, etc. ; dyspmea, 
the anomalies of tastes, the tinnitus auriuni, are all symjdoms of 
acromegaly common to exophthalmic goit(‘r. Ilotli often give 
a history of rheumatic pains and oc'casionally sym|)toms of 
unbalanced mind, especia’ly delusions of fear or maniacal excite- 
ment. Conversely, in both diseases the ])atient may lapse into a 
condition of melancholia. In both, also, are witnessed tlui 
brand of adrenal overactivity, a swarthiiu‘ss, or dirty yellowish- 
brown hue of the skin, moi’c marked in some ])arts than others. 

Passing to the astlimic stage, the comuH tion with myxee- 
dema as to failure of thyroid functions, and with Addison’s 
disease as to adrenal insufficiency, is quite as ch‘arly defined. 
“Myxoedema may form part of the hy])ophysial syndrome,” 
writes Launois. “Prom the observation of Norman Dalton'^* to 
that of Sainton and Kathery^® a large number of cases have been 
repoi-ted wdiich support the view that this combination can 
occur.’^ 

The functional relationship between the pituitary and the 
thyroid is well shown by the case of myxmdema reported by 
Sainton and Eathery, just referred to, in which the pituitary liad 
been destroyed by a malignant growth, while the thyroid, 
adrenals, and ovaries were atrophied. Here the period of 
growth of the tumor had evidently caused excessive activity — 
hyperaBmia — of the other organs and finally their functional 
destruction by atrophy, with myxoedema as a result. Other cases 

Dalton: Lancet. Nov. 6, 1897. 

“Sainton and Rathery: Soci^td medical e des Hdpitaux, May, 1898. 
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of the latter in which the pituitary was destroyed have been 
reported. 

Strikingly suggestive in this connection is a case of myxoe- 
dema reported by Adanii/® in which there was cancer of the 
pituitary, while the thyroid was normal. This shows plainly 
that it was to the absence of the impulses from the pituitary that 
the hypothyroidia was due. When, therefore, in acromegaly, the 
pituitary loses, by gradual degeneration, its power to excite the 
tliyroid, hypothyroidia occurs, while the general tissue hyper- 
trophy remains over from the sthenic period. The general signs 
of exophthalmic goiter are then gradually replaced by those of 
inyxcedema, though the symptom-complex of the latter is some- 
what obscured by the j)hysieal changes remaining over from the 
first stage; still, cases of acromegaly iiave been reported in which 
the myxaidematous symptoms were sufficiently marked to war- 
rant the conclusion that the two diseases were associated. 
Lyman Greene,®^ Auerbach,®® and others have reported such 
cases. 

The plienomena of hypothyroidia and its progressive form 
inyxoDdema both include, we have seen, hypothermia. ‘^A no less 
singular manifestation,^^ writes Launois,®® referring to acromeg- 
aly, ^^is lowering of the internal temperature, which, in a patient 
of Bartels, remained for weeks at a time between 31® and 36® C. 
(93*/.,® and 9()'‘/5® F.) without the supervention of any sign of 
collapse. The same phenomenon has been witnessed by Petrina. 
In a case reported by Gdtzl and Erdheirn,®® the temperature 
fluctuated for three weeks between 35® and 36® 0. (95® and 
96y,® F.), later falling to 33® C. (9175° It would be 

rather difficult at the present time to explain the origin of such 
disturbances,^^ continues Launois; ‘Sve shall merely point out 
their similarity to the phenomena observed in myxoedema, in 
which disorder the temperature often fluctuates between 33° 
and 35® C. (9‘^Vio° to 95® F.) and sometimes even falls below 
these figures.” This symptom is no paradox when interpreted 
from my viewpoint, since, as I have shown, the pituitary governs 

®"Adaml: Trans. Cong, of Amer. Phya. and Surg., p. 114, 1897. 

Lyman Greene; N. Y. Med. Jour., Oct. 21, 1905. 

Auerbach: Wiener klin. Woch., Peb. 10, 1907. 

^Launois: Monthly Cyclopiedia and Medical Bulletin. Jan. and March, 1911. 

Odtzl and Erdheim: Zeitschr. f. Heilkunde, vol. xxvi; Intern. Med.« 
p. 372. 1906. 
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the thyroid apparatus, while the adrenals, in turn, sustain tissue 
oxidation, and tlierefore the body heat. 

"‘Unusual sensitiveness to cold,” mental and pliysii'al torpor, 
and marked asthenia are also typical si^s of liypothyroidia and 
hypoadrenia approximating Addison^s disease. Facial (cdcMua 
and even the moon face of hypothyroidal infantilism may be wit- 
nessed, as in GlaseFs case,”‘ though tlie deformities of the face, 
the prognathism, the projecting brows, mainly due to the osseous 
overgrowth of the sthenic stage, tend to conceal tlie myxcedema- 
tous signs in this region. There is often marked accumulation 
of fat, giving no (edematous pitting, and presenting the resist- 
ance to pressure as in myxmdeina. This can evidently he of 
pituitaral origin; in a case reported hy Madelung,“^‘ for example, 
a shot in the infundibulum was followed by marked obesity. 
Indeed, Frdhlich and Launois have elaborated syndromes, since 
sustciined by numerous cases, in winch adipose overgrowth is 
directly connected with neoplasms of the pituitary. There is 
g(jod ground for the belief also that Dercunrs disease, adiposis 
dolorosa, is primarily duo to disorders of th(» ])ituitary. That 
thyroid gland is used as a remedy for ola^sity is known to every 
one; that obesity should occur when the tliyroid a])paratus is 
rendered deficient through inhibition of its ciuiter — the pituitary 
— ^l)y disease is self-evident. 

Dilated veins, as in the infantilism of hypothyroidia, are 
(,'ommonly observed in acromegaly, though these may ocjcvir as a 
remnant of the sthenic stage. Suppn^ssion of sexual desire and 
impotence and amenorrheea, rheumatic pains, neuralgia, are also 
common, as in hypothyroidia. A painful form has b(?en identi- 
fied which ""may assume,” says Launois, ""the rheumatoid type 
when it becomes localized in a certain group of joints” — a 
sentence which reminds us vividly of the labors of Leopold-Ijcvi 
and de Bothscliild, referred to under hypothyroidia. As in 
myxoedema we may also meet with various foims of delirium, 
delusions of persecution, mystery, and the manic depressive 
psychoses, and even with epileptic seizures. These are mainly 
due, as I have shown, to the accumulation of toxic wastes in the 
blood incident upon the inhibition of the antitoxic functions — 


w Glaser: Virchow's Archlv, B. cxxll, p. 389, 1890. 

^ Madelung: Langenbeck's Archiv fttr kiln. Chlr., Izziii, p. 1066, 1904. 
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a result, in turn, of tlie deficient activity of the three organs 
which, from my viewpoint, take an active part in the process, the 
pituitary, the thyroid apparatus, and the adrenals. 

The implication of the adrenals in acromegaly has been 
referred to in connection with the sthenic stage — that of over- 
growth. In the asthenic stage we witness the effects of their 
functional decadence. ^^Small freckles are frequent, writes 
Pirie/’^ referring to a personal case; ^^patches of a yellowish 
bronzing occur on the face, the chest, and the insides of the 
thighs. (Motais describes a bronzing such as occurs in Addison’s 
disease.) . . . The patient suffers from a brownish sebor- 

rhma, especially troublesome in the scalp. The hair is thick and 
coarse. Palpitation and fainting fits occur often. DyspiKca and 
asthmatic-like attacks occur, during which the patient has to sit 
up in bed and fight for her breath,” attesting to marked insufii- 
ciency of the adrenals in the respiratory process. Harlow 
Brooks'-^* also writes, “inacroscopically, the skin in these areas is 
considerably thickened; the surface is rough and often fissured. 
A general brownish jiigmentation is present in the average case, 
whicli, at times, strongly resembles tliat found in Addison’s 
disease.” But tlie signs of myxocderna are again apparent in the 
remark by Pirie, that the skin of the eyelids was ^^thickened and 
puffy,” there being also increased lachrymation and colloid 
secretion between the eyelids” — the typical ^Vatery eyes” of 
myxonlema. 

The syjuptoms that belong to the domain of the pituitary 
jiroper, Le., those which are not brought about through the 
agency of the thyroid and adrenals, are the ophthalmic disorders, 
including progressive amblyopia, amaurosis, hemianopsia, etc., 
the result h\ turn of pressure by the enlarged pituitary upon the 
optic tracts, the chiasm, optic nerves, etc. That the headache, 
sometimes extremely severe, from which these patients may suffer 
is also due to pressure is probable, though we must remember 
that it may also occur during the early or sthenic stage of the 
disease, and may then be due to increased intracranial tension. 

Pathology. — The prevailing view, at the present time, is 
that of Marie, which ascribes the disease to a secretion of the 

•*Pirle: London Lancet, Oct. 5, 1901. 

w Brooks: Archives of Neurology and Psychopathology, vol. I, No. 4, 
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gland. Wc have now seen, however, that there is co?isideral)k‘ 
evidence to the contrary, i.r,^ in favor of iny own view, that it is 
through the adrenals and thyroid niainly that ilie cliaracteristic 
plienomena of the disease are produced. Marie's original idea 
that the disease is due to disease of the pituitary is strongly 
sustained by my views, however, though still a matter of doubt 
among a few observers. 

An important feature of the whole question is the predilec*- 
tion of the pituitary body for sarcoma, though, as suggested bv 
Tarnburini, Benda, ^^lendel, and others, many of tlu‘se sareoma- 
like tumors, on close histological differentiation by means of 
appropriate stains, proved to be examples of hyperplasia or 
adenoma, in which the destructive process does not proceed witli 
as great rapidity unless the adenoma be malignant, wliich is fre- 
quently the case. This accounts for the fact that i?i many (‘ases, 
l)a!*ticularly in women, the ))rogress of the disease seems to be 
rapid, the asthoTiic stage, that characterized by hy|)othyroi(lia and 
liypoadrenia, coming on before the typical acromegalic (hanges 
and overgrowths have had time to advance mattu'ially. 1"his 
probably corresponds with Barona’s figures, which indicate that 
sarcoma or a denosarcoma is present in 01.5 per cent, of all cases. 

That adenoma of the pituitary fr('(}uently occurs without 
giving rise to signs of acromegaly, or in fact to any symptoms, 
has been shown by Lowensiein. But we must not overlook the 
fa(‘t that many faces among tlie multitudes show marked 
evidences of overactivity of the pituitary at a given time of their 
existence. I have liad occasion to treat a young man 0 feet 2 
ituhes tall, in whom the prominent orbits, nose, and chin clearly 
indicate temporary hyperactivity of the pituitary. The same 
phenomena, though far more marked as to facial deformi- 
ties than in the preceding case, were also observed in an average- 
sized woman by T^opold-Levi, who pointed her out to me at the 
Rothschild clinic in Paris. 

That children's diseases are frequently the source of tempo- 
rary hyperplasia of the anterior lobe of the pituitary, I have no 
doubt. This sustains the personal view, treated at length in the 
second volume, that this lobe and the pars intermedia are mainly 
concerned, as a sensory organ, with the defense of the organism 
at large against disease. 
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Treatment. — Launois, referring to the cases in which 
Hochenegg removed the pituitary, states that ^"the progressive 
retrogression of the manifestations of acromegaly witnessed after 
excision of liypophysial tumors affords an argument of the first 
importance in favor of the theory of glandular hypersecretion.^^ 
From my viewpoint, it affords a no less strong argument in 
favor of my view, since by removing the pituitary Hochenegg 
arrested the cause of the overstimulation of the thyroid appara- 
tus and adrenals, to wliich the disease is due. Indeed, the latter 
view is the stronger, since the actual existence of a secretion from 
the pituitary is still a matter of conjecture, w'hile the existence 
of the thyroparathyroid and adrenal secretions is beyond question. 

The treatment of the disease has been necessarily restricted 
to symptomatic measures, and to the promiscuous use of organic 
preparations. The foregoing pages indicate that such should 
not be the case, and tliat, whatever use is made of the latter, they 
should always be carefully adjusted to the stage in which they 
are indicated. As stated by Dock,*’"' ^^pituitary glands and 
extract have not produced definite improvement. The same 
may be said of thyroid treatment wdiich has often appeared to 
make the symptoms worse.^^ It is self-evident that in cases in 
the sthenic stage with the hyperthyroidia a])proximating, if not 
actually reproducing, exophthalmic goiter, and the blood already 
replete with thyroid secretion, the addition of thyroid gland to 
it cannot but prove harmful. But in a case such as Sears’s,®® in 
which tlie asthenic stage — which may appear early in women — 
was present, with signs of hypoadrenia, a puffy and mask-like 
face, dry and coarse hair, etc., with brown patches and asthenia 
denoting hypoadrenia, especially where, as the author specifies, 
^^tlie thyroid could not be felt,” considerable benefit can be 
obtained under thyroid treatment. In the sthenic or first stage, 
especially where the signs of exophthalmic goiter are marked, the 
treatment for that disease (see page 229) is indicated. The use 
of coal-tar products, it includes, is known in fact to afford con- 
siderable relief of the most distressing symptom of acromegaly, 
intense headache. Acetanilid and antipyrin, and also aspiriri, 
have been considerably used for this purpose. 


®*Dock: Loc. p. 854. 

^ Sears: Boston Med. and Surg. Jour., July 2, 1896. 
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With respect to the therapeutic value of pituitary extract a. 
case reported by Eolleston was greatly iuiproved by pituitary 
and thyroid extracts combined. But tlie author observed that 
the superficial resemblance of acromegaly to myxoMlema seemed 
to justify the administration of thyroid extract, pituitary ex- 
tract alone having failed to ctTect any im])n)vement. 'Idie 
patient neglecting the treatment, ultimately died, the autopsy 
revealing a sarcoma of the pituitary — a type of growth whieii 
rapidly brings on the asthenic stage. 

As to the use of pituitary alone in the asthenic stage, it lias 
been found of value in some cases as a palliative for lieadache,”"^ 
but Eenon and Delillc”'* found, in a woman who sh()W(‘d clear 
symptoms of hypothyroid i a, that it aggravated the acromegalic- 
signs, including the deformities of the face, hands, tcet, etc. 
Yet, in similar cases, the simultaneous use of thyroid lias 
proven of value. The solution of this enigma was furnislu‘d by 
Eolleston”® when he said that ‘^the apparent success obtained 
from the administration of the combinc'd extracts was in ivality 
due to the thyroid extract.’^ On the Avhole, all this indicates 
that, as soon as any sign of liypothyroidia or myxcedema appears, 
the treatment for the latter disease (see page 19S3) should be 
instituted. 

In the light of the facts submitted under the heading of 
pathology, paiiicularly those which refer to arrest of the morbid 
])rocess, there is ground for the hope that appropriate remedies 
may further such a result. Until our hopes are fulfilled, how- 
ever, operative measures, such as those introduced by iloclienc^gg 
in Europe and admirably developed by Cushing in this country 
(see his recent volume^””), should be resorted to where remedies 
do not check the lethal trend. 

^ See chapter xii, this volume; article “Pituitary Organotherapy." 

*** R6non and Delllle; Le Bulletin medical, June 24, 1908. 

“Rolleston: Brit. Med. Jour., April 17, 1897. 

100 Cushing; “The Pituitary Body and its Disorders,'* Philadelphia and 
London, 1913. 



CHAPTER XI. 


THE INTERNAL SECRETIONS AND THE LEUCOCYTES 
IN IMMUNITY AND FEVER. 

THE ADRENAL SYSTEM AS THE FOUNDATION OF IMMUNITY. 

To understand tlie vis medicatrix natunv, i.e., nature’s 
way of antagonizing disease, and learn how to enhance her 
resources when these fail has increasingly imposed itself as the 
goal for which we should strive. So concordant is the thought, 
in fact, with our highest aims as pliysicians and humanitarians 
that it may be said to liave seen light at the very dawn of 
medicine, and to have grown apace with time. Indeed, twenty- 
three centuries ago Hippocrates^ taught: ^^It is to the efforts 
of nature that the attentive and able physician looks for guid- 
ance.” Galen^ was no less affirmative when he wrote: ‘Nature 
having originally formed the body must, when disease assails 
it, restore health.” Today, the most virile trend of modern 
thought is a corresponding principle, that conveyed by the 
term “immunity.” Whether we seek to identify the nature 
of antibodies, the process through wbicdi they are caused to 
appear in the blood, or tlie manner in which they and the 
phagocytes oppose inf(‘ction, we are but following the path 
opened by the father of medicine 400 years before the Christian 
era. 

We have now learned through the painstaking labors of 
a host of investigators that our organism is supplied with au- 
toprotect ive substances; but, so far, the identity of these sub- 
stances has not been revealed by them. Even Ehrlich’s theory 
has failed in this particular. His side-chain theory, notwith- 
standing the many collateral facts the labors devoted to it have 
l)rought out, has remained but a clever figment of imagina- 
tion in so far as tlie side-chain feature itself is concerned — a pure 
assumption the truth of which he is yet to demonstrate, not- 
withstanding the many years it has been most carefully studied, 

1 CTiJuvres m^dicales d’Hippocrate, ed. Foes, il, p. 195, 1801. 

* Galen: * ‘Contra Julianum." 

( 620 ) 
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Nor have the sources of the various sukstaneos which take 
part in the immunizing process so far been identified. Khr- 
lich hypothetically attributes this role to the tissue-cell, but, 
even granting that this be so, we are only driven back — unless 
we remain with him within the field of conjecture — to the 
necessity of showing whence these cells obtain their immu- 
nizing bodies, his so-called receptors. This lu! has failed to 
do, along with all other investigators in the same direction, 
because, in my opinion, he and they liave overlo{)ktHl the one 
field which, experimentally and clinically, offers the oidy solid 
foundation for a profitable analysis of the question, that of 
the ductless glands. Brown-Sequard, Jjanglois, iVl)elons, (diar- 
rin, Albanese, Zucco, and many others, we have seen, have laid 
stress on the antitoxic functions of the adrenals, while Vassale, 
Gley, Fano, and Zanda, and many other investigaiors and 
clinicians have urged a similar role in respect to tlie thyroid 
and parathyroids. This applies equally well to the pituitary 
body, according to Marie, Guerrini, Gomel li, and others. We 
thus have a series of organs found expcnmeulnHy and clittlralljf 
to protect in some way the body against intoxication. Is it 
not logical to conclude that they claim atlention as the more 
likely to furnish the factors for a solution of this all-importMut 
problem ? 

Prompted by these indications, I advaru'cd the view in 
the first edition of the present work (11)03) that the body was 
supplied with a7i irtvmunizing mechanisni, 1 showed that the 
adrenals and the thyroid were the sources of two substances 
regarded by pathologists as prominent agents in the immu- 
nizing process, but the source of which tlioy had not identified, 
and that the secretory functions of these organs weie governed 
by a center located in the pituitary body. 1 suggested, more- 
over, that it was probably by exciting this center that various 
familiar drugs, mercury, for instance, and certain toxins, tuber- 
culin, Coley^s toxins, and the like, produced their beneficial 
effects. The eight years that have elqpsed since these views 
were advanced have served only to strengthen them. 

The identity of this mechanism suggests itself in view of 
the details already submitted in the chapters upon the ad- 
renals, the parathyroid apparatus, the pituitary body, and the 



622 INTERNAL SECRETIONS AND THE LEUCOCYTES. 

kidneys. But to facilitate the discussion of the subject, I will 
merely recall that, interpreted from my viewpoint, the func- 
tions of these organs, both physiological and defensive, are as 
follows : — 

Adrenals , — ^These organs supply a secretion which, on 
reaching tlic lungs, absorbs the oxygen of the air and becomes 
a constituent of haiinoglobin — ^its albuminous constituent. It 
is, as such, taken up by the red corpuscles and secreted by 
these cells as droplets (the so-called “blood-platelets”) in all 
parts of the body, including the blood-plasma itself. The pur- 
pose of this albuminous haemoglobin, which I have termed 
“adrenoxidase,” is to supply ox 3 '^gen to the tissues and to the 
blood. Important in this connection, however, is that this 
adrenoxidase gives the reactions and presents other charac- 
teristics of a familiar agent in the classic immunizing process, 
the immune body or amboceptor. 

The active participation of the adrenal secretion in the 
defensive function suggests itself when the connection between 
oxidation and fever is recalled. Adrenoxidase being the active 
agent in all oxidation processes, and being capable of raising 
the temperature, we have a clue to the identity of one of the 
most important of the symptoms we meet on all sides, and 
the actual nature of which has not, so far, been explained, 
namely, fever. Indeed, as stated by liazarus Barlow'^: “J5ven 
if we grant that fever is beneficial, we are completely ignorant 
of the manner in which it acts.^’ 

We may speak of neurogenic fever caused by injury to 
the corpora striata; of aseptic fever due to crushed tissue; of 
infective fever caused ])y certain pathogenic organisms or their 
toxins, or of hyperthermia, and of the nature of the substances 
that are oxidized, but the identity of the oxidizing agent, the 
deus ex machina in all these types, has remained obscure. This 
is the feature of the problem which, from my viewpoint, the 
adrenal secretion, converted in the lungs into adrenoxidase, 
supplies. 

Barlow writes, moreover: “Experiment seems strongly to 
support the view that hyperthermia has a curative action, and 
thence it is but a short step to considering fever as beneficial, 

» Barlow: '^General Pathology," 2d ed., p. 436, 1904. 
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and as evidence of the setting in motion hy the organism of 
one of its defensive mechanisms. And certainly in pneiinioiiia, 
erysipelas, cerebrospinal meningitis, typhoid fever, the prog- 
nosis is better if the patient’s temperature is moderately high 
than if it is definitely low."” Now, we have seen by tlie labors 
of Albanese, Abelous and Langlois, Charrin, Oppenheim, and 
others that the adrenals also enlianee the defensive power of 
the body, thus combining the production of fever willi the 
beneficial action — which dates back to lIip])oc'raies and has 
been defended by many of the most illustrious investigators 
of modern times — to wliich Barhnv refers. 

Thyroparathyroiil Apparalu^i . — ^"Phe thyroid gland and the 
parathyroid glandules, which constitute this apparatus, pro- 
duce secretions which, on passing out of the lymphatics (into 
which they are secreted), enter the left subclavian vein, and 
become merged into a single substance. Passing then into the 
blood of the superior vena cava, this secretion is carried to 
the lungs, and on reaching tlie air-cells is taken up by the red 
corpuscles — along with the oxygenized adrenal secretion. A 
salient feature of the immunizing process appears in this con- 
nection, viz., the thyroparathyroid product is* also sc'cndcul by 
the red corpuscles into the blood and tissues, and, by acting 
directly upon the phosphorus which the nuclei of all tissue- 
cells, pathogenic organisms, etc., contain, increases their in- 
flammability, i,e,^ their sensitiveness to oxidation. As such, it 
acts both as ojhsonin and agyluiinin. 

The thyroparathyroid secretion taking j)art in tissue oxi- 
dation with the adrenal product, it becomes also, logically, a 
normal participant in the production of fever. Now, this is 
so striking a feature of thyroid functions that the thyroid 
gland has been associated with the production of fever by 
Lorand and other authorities on the ductless glands. Lorand* 
urges in this connection the various manifestations of the 
febrile state, elevation of the temperature and the sensation 
of heat observed in Graves’s disease, due, as is well known, to 
excessive activity of the thyroid, and many other phenomena 
peculiar to the febrile state. ‘^Both in Graves’s disease and 
fever,” he writes, ^Hhere is an augmentation of the processes 


* Lorand: Lancet* Nov. 9* 1907. 
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of oxidation.” Again, as previously shown, thyroid feeding causes 
febrile phenomena, i.e,, a rise of temperature of several de- 
grees, both in man and animals, as shown by the researches 
of Chantemesse and Marie, Ballet and Enriques, Bourneville, 
and others; it increases the intake of oxygen and the output 
of carbonic acid, the output of sodium chloride, phosphoric acid, 
etc. Finally, operative or morbid arrest of thyroid functions 
causes h y pothermi a . 

Once more, and in keej)ing with Barlow’s remarks con- 
cerning the beneficial influence of fever, do we find the thermo- 
genic properties of the thyroid associated with marked de- 
fensive or immuni>^ing activity. Besides the evidence to tliis 
effect 1 have already offered (see page KJd) may be mentioned 
the protection it affords against toxic products of protein de- 
composition noted by Breisachei"‘ — as far back as 1889, and 
by Bluni/‘ Galeotti, and Lindemann’^ — and others. The in- 
creased vulnerability of myxeedematous subjects to infection, 
the rapidity with which thyroidcHdomized animals succumb to 
practically any infection that happens around are now familiar 
clinical facts. In Ids recent w'ork. Swale Vincent^*^ states 
that ^‘it may be supposed that the function of the internal secre- 
tion is to prevent poisoning by the products of body metabolism 
or by infections from wdthout.” IMy opinion that the thyropara- 
thyroid product is wdiat Wright has termed ^^opsonin” has been 
sustained, we liave seen, by the investigations of Marbe, Malvoz, 
Stepanoff, and others. 

The Pituitary Body as the Seat of the Immunizing 
Center. — Considered in connection with immunity only, the 
pituitary body contains, from my viewqioint, a center — the im- 
munizing center — located in the pars intermedia (between the 
two lobes) and connected wdth the adrenals and the thyropara- 
thyroid apparatus by nerves. Through these nerves the immuniz- 
ing center governs the functional activity of these two sets of 
organs, and, therefore, tlie production of adrenoxidase (ambo- 
ceptor) and of thyroiodase (opsonin and agglutinin), besides 
general oxidation. As such, the immunizing center is also the 
heat of fever center, the febrile state indicating that one or 

® Breisacher: Arch, fttr Anat. u. Physiol. Supp., p. 609, 1889. 

“Blum; Archiv f. d. Gos. Physiol., p. 617, 1902. 

Lindemaiin: Virchow's Archiv, p. 202, 1897. 

Swale Vincent: “Internal Secretions and the Ductless Glands/' p. 868v 
London, 1913. 
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more poisons are present in the blood whidi this dual center is 
antagonizing througli its militant agents, the thyroparathyroid 
apparatus and the adrenals — and also indirectly, as \\v sliall see 
later, through the phagocytes. 

To interpret this process intelligently, I Avill submit, as was 
done in the cases of tlie adrenals, tlic tbyro])aratbyroid, and the 
pituitary, an outline of the main features of the evidence 1 liave 
to offer, referring the reader to the second volume for a detail 
study of tlie whole question. 

Of fundarmmtal importance in this connection, is that 

The piiiiUary body of all aniina/s, from mollushs to wan, 
contains a sensory organ which structurally resembles the nasal 
olfactory membrane. 

Jill in'" urged, in 1881, that in ascidians the suhneural gland 
(conjoined to the nerve ganglion Avhich 1 assimilate to the 
posterior or neural lobe) was the ancestor of the pituitary body 
of vertebrates. Lloyd Andriezen^ confirmed tliis view after a 
comprehensive study of the organ, from amphioxus to man. 
Personal work in tlie same line led to a similar conclusion. Now, 
at least as low down as mollusks there exists in the correspond- 
ing location a patch of epithelium, which Hpengel has termed 
“the olfactory organ, and Ray Lankester^'^ the “osphradium.^^ 
Unaware of the connection between this structure in ancestral 
forms and the pituitaiy, Peremcschko,^^ Muller,^- and also 
Cadiat^^ described a cleft between the two lobes of the latti»r 
organ, the walls of which they found to be lined with epithelium. 
The structure of this epithelium was only made clear, liowever, 
when the Golgi method was available. Gentes^^ then found that 
it was merged in the partition (the pars intermedia) separating 
the two lobes, and that it contained elongated nerve-cells which 
sent their neuraxons into the posterior lobe, and thence to the 
base of the brain. According to Gentes, these cells recall exactly 
the sensory elements of the nasal olfactory membrane. Caselli 


*Julln: “Recherchea sur TorgaDls des ascides aimplea," Arch, de blol., il, 
PP. 69, 211, 1881. 

* Lloyd Andriezen: British Medical Journal, January 13. 1894. 

Ray Lankeater: Article Mollusca, In Bncyclopsedia Brltannica, 9th ed., 
xvi, p. 636. 

” Peremeachko: Virchow’s Archiv, xxxvili, p. 329, 1867. 

^^Miiller: Jenalsche Zeit. f. Naturw,, vii, p. 327, 1873. -- k m 

« Cadlat: Anatomie gdndrale, cited by Gufipin, Tribune m6d., December 10, 
1891. 

GontOs: C. r. de la Boc. de biol., Iv, p. 100, 1903. 
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also found sensory elements in the pituitary of higher animals, 
while Boeke^“ and GernellP® discerned them in the pituitary of 
fishes. A personal distinctive study of this organ from the true 
olfactory apparatus has shown, moreover, that the former could 
be traced down to lower forms, gradually receding in importance 
until the patch of epithelium ^^supplied with a special nerve and 
ganglion,^^ as Hay Lankester describes it, in mollusks is reached. 

■ Suggestive in this connection, as a feature of the immuniz- 
ing process, is that 

In ancestral animals the ^Hest organ'* serves to test the 
purity of the sea water ingested hy them. 

Spengcfs olfactory organ, liay Lankester’s osphradium, has 
for its jiurjiose, according to zoologists, to test the respiratory 
fluid. In ampliioxus, the lowest of vertebrates, similar protec- 
tion is alTorded by what Willey^*^ describes as a ^^vestibule richly 
provided with sensitive cells,^^ and by Andriezen as a ^^nervous 
organ^^ which ^^serves to test the quality of the water which 
passes over the respiratory organ.^^ 

That a corresponding autoprotective function exists in the 
higher animals, including man, is not only sustained by consider- 
able evidence, but a solid foundation for the whole scheme is 
afforded by the fact that the blood of these higher animals is the 
physiological and qualitative homologue of sea water. Claude 
Bernard^*^ taught forty years ago that ^The blood is an internal 
medium in which anatomical elements live as do fishes in water.^^ 
Kene Quinton^" showed that our plasma was a fluid whieh chem- 
ically, in so far as the relative proportion of the various elements 
was concerned, corresponded with sea water. A. B. Macallum*® 
also holds that botli animal and vegetable protoplasm derive their 
relations to the elements sodium, potassium, calcium, and magne- 
sium from the composition of sea water which obtained when all 
fonns were unicellular. The labors of Bunge, Jacques Loeb,** 


Boeke: Anat. Anz., xx, p. 17, 1902. 

^•Gemelli: Jour, de Tanat. et de la physiol., 42d year. No. 1, 190C. 

Willey: “Aiiiphloxu^ and the Ancestry of Vertebraftes,” p. 19, 1894. 

Claude Bernard: ‘‘Legons sur les propridtds des tlssus vivants*/' pp. 66-58» 

18G6. 

^•Rend Quinton: Paris Correspondent, Lancet, April 16, 1904. 

^Macallum: Trans. Canadian Institute, p. 181, 1903-4. 

Bunge: “Physiological and Pathological Chemistry,’* English translation by 
Starling, pp. 101, 102, 1902. 

*»Loeb: Pfltiger’s Archly, evil, p. 252, 1906. 
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Matthews, Fisher, Overton,^® and others liave all contributed 
testimony to the solidity of this view. 

Considered in the light of the anatomical connections of tlie 
pituitary with the thyroid and adrenals, and the functions 1 liavo 
ascribed to these organs, the conclusion seems warranted tliat 

In the higher animals, inclvding man, the ''test organ' tests 
the purity of the qualitative homologue of sea water, the hteml, 
for toxic substances and, where possible, causes destr action of 
these substances. 



Fig. 1.— Pituitary Body, Containing Immunizing Center (seml- 
scheznatic). o, anterior lobe; 6, arteries and, d, arterioles; course of blood 
diffused through sinusoidal capillaries of epithelium; c, cleft into which con- 
tents of blood-cells (colloid) and cellular detritus are driven, and whence they 
pass Into lymphatics; f, sensory test organ (immunizing center) excited by 
colloid when the blood (and therefore the colloid) contains certain poisons; g, 
posterior pituitary containing origin of paths to adrenals and thyroid; h, tuber 
cinereum, showing secretory path to adrenals and thyroid; i, rctro-optic nucleus 
which transmits, sympathetic vasoconstrictor nerves to various organs, 
Including the thyroid. 

We have only to analyze the pathogenesis of the eonvulsions 
that follow removal of the pituitary to realize that the role ol its 
test organ is also to prevent general intoxication in the higher 
animals, including man. This procedure, as observed by 
Marinesco,^* Vassale and Sacchi,^® Masay,^® and others, produces, 
as Schafer*^ expresses it, ^^mnscular twitchings and tremors 
developing later into spasms/^ This exemplifies the familiar 
convulsions caused in children by autointoxication ; those ascribed 


“Overton: lUd., cv, p. 176, 1904. 

“Marinesco: C. r. de la Soc. de biol., p. 509, ^^2- 
.“Vassale and Sacchl: Arch. Ital. di biol., xxil, p. 133, 1895. 
“Masay: hoc. cit. 

" Scbftfer: ‘‘Textbook of Physiology,” I, p. 946, 1898. 
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to tetanotoxin; those of puerperal eclampsia which Williamson/* 
Grandin/’** and others ascribe to poisonous substance circulating 
in the blood ; those provoked in animals by Herter,*‘^ Ivrainsky/^ 
and in man by C'eni*^" with hypertoxic serum derived from 
epileptics, a htting corollary for Pierce Clark’s®* conclusion, based 
on a study of 150, ()()() epileptic seizures, that must see the 
pathogenesis in an initial toxin or autointoxication.^^ I have 
urged in this connection, and others besides myself have found, 
that in appropriate cases of epilepsy, those in which the thyroid 
is inadequately active and in which gliosis has not been given 
time to develop, thyroid extract proves effective in arresting the 
paroxysms. Need I refer to its corresponding action in the 
convulsions — of both tetanic and epileptic type — that follow ex- 
tirpation of the thyroid and parathyroids? Here there is directly 
introduced into the blood the agent which sensitizes the toxic 
wastes and renders them vulnerable to the destructive action of 
the other defensive substances. 

Tirn Mode of Action of the Immunizing Mechanism 
AND THE Genesis of Fever. — In view of the foregoing facts, 
physiological, clinical, histological, and zoological, the introduc- 
tion of a toxic into the blood should, by exciting the test organ, 
awaken the defensive resources of the body to action through 
the intermediary of the thyroid apparatus and adrenals. Crucial 
experiments are available to show that such is the case, i.c.^ that 
the test organ when excited by a poison stimulates the adrenals 
and the thyroid apparatus and thus induces destruction of that 
poison, and, moreover, that when the test organ cannot transmit 
its impulses to the adrenals and thyroid the autoprotective 
process does not manifest itself. These experiments were those 
of Sawadowski®^ and of other investigators referred to below. 
They indicate, when explained in the light of my views, that 

Fever is the physiological expression of the defensive 
mechanism, ivhen a toxic capable of exciting the test organ is 
present in the blood. 


2* Williamson: Obstetrics, p. 703, 1903. 

2»Grandin: Grandin and Jarman’s “Practical Obstetrics,** p. 94, 3d ed., 1900. 

Herter: Jour, of Nerv. and Ment. Dis., February, 1899. 
s^Krainsky: Wiener kiln. Woch., February 24, 1898, 

®2Ceni: Riv. Sper. dl Fren., xxxf. No. il, 1905. 

®s Clark: Medical News, July 18, 1903. 

s* SawadowskI: Centralbl. f. d. med. Wlssen.. 26th year. No. 9, p. 161, 1888. 
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I have urged that the pituitary contained the heat center, 
and that it produced a ' rise of temperature through the inter- 
mediary of the adrenals and thyroid. The test organ is evidently 
closely connected with the heat center, for the protective process 
it awakens when certain poisons occur in tlie body is a rise of 
temperature. Now, Sawadowski noted, after injecting ])utrid 
substances into the blood, and in accordance with familiar experi- 
ence, that it caused fever, even after the ccrehrnni had been 
removed from the midbrain. He found, moreover, that anti- 
pyrin controlled this fever. But his exjKTinients revealed an 
important fact, viz., that section thi'ougli the optic tlialami or the 
posterior edges of the corjiora striata (which, from my view- 
point, also severed the nerve paths from tlie ti‘st organ or heat 
center to the adrenals and thyroid) prevented these elTcets. 
^^After these sections,” he writes, ‘heither the putrid materials 
nor the antipyrin exeiied any inihience upon tlu» temi)erature. 
Tlie sinking of the temperature was not arrested by the putrid 
substances.” The last statement-refers to the fact tliat, notwith- 
standing the presence of putrid substances which had caused 
fever, the temperature steadily went down — after the operation 
— from 38.1° C. in the colon to 31.4° C. Tliis recalls the steady 
decline that occurs after removal of the pituitary. Ott and 
Scott'*° also found that the marked rise of temperature that fol- 
lows the intravenous injection of bctatetrahydronaphtliylamin in 
normal rabbits did not occur after they hacl transeided the base 
of the brain behind the tuber cinereum. 

The heat, or thermogenic, center tlnis influenced cannot be 
located in the cerebrum, for we have seen that removal of this 
organ does not affect the temperature. Nor can it be located in 
the optic thalamus or the corpus striatum, for Ott and Jlarris'*** 
provoked the typical rise of temperature by puncturing with a 
needle, through the mouth, ^^only the lower surface of the tuber.” 
Its true location is shown by the fact that Ott found a thermo- 
genic center in the anterior portion of the floor of the third 
ventricle, i.e., immediately above the pituitary. Moreover, it is 
precisely traversed by the nerves which Andriezen, Qentes, 

JOtt and Scott; Jour, of Bxper. Med., November, 1907. 

* Ott and Harris ; Therap. Qaz., June 15, 1903. 
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Joris, and others traced from this organ, and which Andriezen 
followed to the region of the pons. 

Under these conditions, however, transection of the pons 
should also have prevented the thermogenic action of putrid 
materials in Sawadowski^s experiments. Such proved to be the 
case. Of this experiment, carried out with the aid of Pawlow, 
Sawadowski writes: ‘^Following but Ischetschichin^s method, a 
diagonal section was made through the pons Varolii. When the 
section was complete, free from luemorrhage or of any condition 
which might excite the surface of the cut tissues, a gradual 
diminution of the temperature, occurred in the rectum and be- 
tween the toes. In one experiment, for example, in which the 
preoperative temperature was 38° C. in the rectum, and 34.5° C. 
on the skin, nine hours after the operation the first had fallen 
to 37° and the second to 35° C.” Tliis applies as well to the 
spinal cord; ^Vhen tlie section was made quite high up,^^ he 
says, ^^no rise of temperature could be obtained with putrid 
materials, nor did the antipyrin lower 

In the portion of the cervical region, however, he found that 
transection of the spinal cord did not completely prevent the 
influence of either the putrid materials or the gntipyrin. But 
we have in this paradoxical phenomenon only confirmatory 
testimony to the presence of a nervous connection between the 
pituitary and the thyroid apparatus, for in these ^fiow sections, 
as he terms them, lie severed the cord below the origin of the 
nerves to the thyroid, thus leaving untouched the nerves which 
connected it with the pituitary and its test organ, though sever- 
ing the path to the adrenals. What effects were obtained were due 
to the thyroid apparatus, which remained under the influence of 
the test organ, and therefore of the thermogenic poison and 
antipyretic. 

These experiments speak for themselves — especially in view 
of the fact that Sawadowski mentions among the concomitant 
effects of his sections ^^disorders of respiration and circulation,^^ 
and also blueness of the blood — obvious evidences of defective 
oxygenation. Added to the foregoing evidence, they seem to me 
to warrant the following general deductions: — 

1. Man, in Tceeping with many animals lower in the phplp^ 
genetic scale, is supplied with an autoprotective mechanism* ^ 
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This mechanism includes: 1, the Immunizing center, 
an organ of special sense annexed to the heat center, both centers 
being located in the pituitary body; 2, the ihyroparathyroid 
glands; S, the adrenals, and, 4, special nerves tchich connect the 
immunizing center (or overactive heat center) with these tivo 
sets of organs. 

S. The hnmunizing center, which governs the autopro- 
tective mechanism, is the developed ^'osphradium'* or *'{est 
organ’' described by zoologists in molliislis and certain ancestral 
vertebrates. 

Jf. While the osphradium of primitive animals tests their 
respiratory fluid, sea water, its prototype, the immunizing center 
of higher animals, including man, tests the blood, also a respira- 
tory fluid and a qualitative hornologue of sea water, 

5. When the functional activity of the immunizing center 
is increased through the presence m the blood of some toxic, i.e., 
wastes, toxins or endotoxins, mineral and vegetable poisons, 
certain venoms, drugs, etc., capable of exciting this center, U 
stimulates correspondingly the heat center and thus awakens the 
immunizing process. 

6. Fever indicates that the autoprotective mechanism is 
active. The rise of temperature is due to the increased produc- 
tion of thy ro parathyroid and adrenal secreiions, and the resultant 
increment of metabolic activity. The immunizing process is a 
consequence of this hypermetabolism, all the immunizing agents, 
plasmatic and cellular, being produced in greater quantities. 

But Lazarus Barlow states we have seen — and he is amply 
sustained, I may add, by the teacliings of clinical experience — 
that “in pneumonia, erysipelas, cerebrospinal meningitis, typhoid 
fever, the prognosis is better if the patient’s temperature is 
moderately high than if it is definitely low.” This is met by the 
interpretation of the febrile process I submit in the next 
conclusion : — 

7. Absence of fever in a ioxcemia of any kind is due to 
inability of the immunizing center to react under the influence 
of the toxic, owing to deficient sensitiveness {inherited or oc- 
quired) of this center, or to the fact that the toxic is itself a 
paralyzant or ancesthetic of its sensory elements. 
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On the other hand^ every practitioner is aware of the 
dangers of liyperpyrexia. This also finds its normal explanation 
in the terminal conclusion that: — 

S, Excess of fever {above 105° F.) is due to excessive exd- 
iation of the immunizing center and a corresponding overpro- 
duction of defensive bodies, Tlw condition exposes the red 
corpiisrles and endothelial cells to i)roteolylic destruction 
(hceTnolysis and autolysis) along with the pathogenic substances 
or bacteria.^'^ 

Concluding I^kmarks. — Such are the facta which have led 
me to believe that the human organism is supplied with an auto- 
protective mechanism. Its functions, I may add, harmonize 
with the views of the modern biochemist who has found that in- 
creased metabolism is a characteristic of the febrile process; 
they also coincide with the observations of the bacteriologist 
that, while most pathogenic bacteria thrive at the normal tem- 
perature of the body, the}' promptly die when it is raised several 
degrees. They account for the teaching of clinical experience 
that a higher mortality occurs in apyretic cases than among 
those in which the febrile process had been active. They explain 
the harmful influence of hyperpyrexia, since excessive immuniz- 
ing activity means proteolytic destructions of the blood-cells 
(haemolysis) and even of tissue-cells (autolysis) besides the 
pathogenic agents themselves. 

In the practical field, personal experience sustained by that 
of many coMeagues who have carefully studied my doctrines has 
shown clearly that these embody the lever through which we 
can overcome infections. We need only analyze the beneficial 
action of vaccine therapy, of antitoxin, of drugs such as mer- 
cury, the iodides, and other so-called ^^alteratives,’’ to recognize 
that their tendency, in therapeutic (non-toxic) doses, is to raise 
the temperature — proof that the immunizing process is 

ACTIVE. 

Yet, as is well known, the autoprotective resources of the 
body do not depend only upon the germicidal and autotoxic 
constituents of the blood-plasma. Indeed, they could not be 

^ placing of animals in the heated chamber to determine the inflaeiie« 

of high temperatures on the corpuscles is a useless and misleading experi- 
ment, since the proteolytic ferment, the active agent In the process. Is BlU 
increased.— S. 
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carried out witliout tlie potent co-operation of tlie plia^^ocytes, 
the importance of whicli in immunity has been revealed to us 
through the genius of Metchnikoff. 

To obtain an idea of the relations of the internal secretions 
with these defensive cells, we should have at least an idea (vf 
their relations with the ductless glands, the manner in which llu' 
vital process is sustained in them, and the role each type ol* 
leucocyte fulfills in this connection. I know of no work in 
which these features are studied and must, therefore, build up 
tlie whole framework of the process, and thus try, at least, to 
ascertain the nature of the connection between the immunizing 
I)rocess as I have described it in the foregoing pages and the 
functions of the phagocytes. 

THE LEaCOCYTK IN ITS RELATIONS TO NUTRITION, ORGANIC 
FUNCTIONS, AND IMMimiTY. 

Before inquiring into the physiological functions of each 
of the various varieties of white corpuscles, or leucocytes, it 
was deemed advisable to study the cell as a unit, and par- 
ticularly the functional attributes of its main component struc- 
tures: (1) the nuclear and cellular reticulum or mitoma; (2) 
the granules. 

The Mitoma. — Alluding to basophile leucocytes, Howelh*^^ 
states that the nucleus ^fis divided into lobes that are either en- 
tirely separated or are connected by fine protoplasmic threads,’’ 
This is well illustrated in the annexed plate from a valuable 
study of the subject by G. L. Gulland,"'^ by Fig. 1, a hyaline 
leucocyte from a newt’s blood. These cells are undeveloped 
and their protoplasm does not as yet show ^Threads.” But 
their nucleus is clearly supplied with them even at this early 
stage — ^a feature which suggests that the nucleus is an au- 
tonomous structure. This is further sustained by the pres- 
ence, in the perinuclear portion of the cell, of a small body, the 
astrospherc, shown in Fig. 7, another undeveloped, or ^^hyaline,” 
cell. This astrosphere is likewise present in fully developed 
leucocytes, as may be seen in Figs. 10, 12, and 16. Each cell 

*** Howell: Lot;, vit. 

® G. L. Gulland: Journal of Physiology, vol. xlx, 1896. 
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may, therefore, be said to contain- two functional centers, each 
supplied with its net-work of fibers or threads, 

Heidenhain is stated by Gulland to have found that ^^the 
granules are arranged radially to the astrosphere, with the 
smallest granules next the sphere, the largest at the periphery 
This is exemplified with especial clearness in Figs, 10 and 16, 
and if the threads, or fibers, are traced from the center of the 
astrosphere, the gradual increase in size of granules as the 
periphery of the cell is approached is clearly indicated, Hei- 
denhain also concluded, a feature fully confirmed by Gulland, 
that “there are never any granules within the astrosphere it- 
self.^^ It thus becomes evident that, while the nucleus is an 
autonomous stnicture, the same may be said of the astrosphere. 
In other words, a leucocyte seems to be supplied with two in- 
dividual, though doubtless correlated, functional systems: (1) 
the nucleus per se, which contains a network of fibrils and 
granules; (2) the astrosphere, • which represents the center of 
the cellular net-work of granule-laden fibrils. 

As may be seen, in the numerous cells represented in 
Gulland’s plate, which cells have been drawn by him with the' 
utmost care and fidelity to microscopic appearances, the fibers 
in the nucleus divide the latter into several irregular areas, 
while the radiating network of which the astrosphere is the 
centei forms relatively regular spaces. The fibers in both 
structures run to their external boundaries, however, precisely 
as if they were attached to the external limiting membranes of 
each. And yet the nucleus alone seems to be supplied with 
such a membrane, while the surface of the cell is not. A 
prominent feature of these cells is the fact that their proto- 
plasmic exterior is absolutely bare. 

After a study of the characteristics of the granules, Gul- 
land writes : “The granules of leucocytes are therefore noi 
products of the metabolic activity of the cell imbedded in a 
structureless protoplasm, as was hitherto supposed, but represent 
an altered condition of the microsomes [the granules]. They 
always form part of the eytomitoma [the net-work of fibers] 
and are therefore plasmatic, and not paraplastic. They are 
probably concerned with amoeboid movement, and they and the 
rest of the mitoma are more visible the more active the celli”:^ 




LEUCOCYTES IN THE PERITTiiSCULAR SPACES ANU 
IN ITESSELS, AS A RESULT OF ACUTE ALCO- 
HOLIC PDISDNINE. [EarklBy.} 

[.AAm BopUnt Sb^Mat 



THE STRUCTURE OP THE LEUCOCYTES. 


635 


Granules, as the plate distinctly shows, are plentiful within the 
nucleus, and in the cellular substance likewise; in fact, in the 
latter they are crowded around the centrosphere, the deepest 
portion of the cell. 

If the granules are plasmatic, i.e., fonned by substances 
derived from the plasma, how docs the latter reiu‘h the niinute 
areas in which the granules are formed? Channels seeiii to me 
absolutely necessary for the passage of the blood-plasma, its 
alkaline phosphates, and otlier plasmatic salts from which the 
granules are formed. 

The prevailing view that the threads (mitoma) are con- 
cerned with the amoeboid movements of leucocytes, as also in- 
ferred by Gulland, is by no means, it seems to me, incompatible 
with the: possibility of their being plasma-channels, or etrerent 
eanaliculi. Indeed, their elasticity does not eliminate the pos- 
sibility of their being tubular, while their extension and re- 
traction may, as in the sweat-glands, afford the mechanical 
elements of an expulsive process. ^Tt is certainly interesting 
to note that, the more active the cells of this series become,^’ 
writes Gulland, referring to the acidophile (phagocytic) leuco- 
cytes, ‘^the more visible become their niitorna and the miero- 
somes which form part of it. The lymphocytes in which no 
mitoma can be seen are practically non-amfxdioid. The hyaline 
cells in which it is not very evident move but sluggishly. The 
oxyphile cells, with a well-marked mitoma and microsomes, 
move more rapidly, and the eosinophile cells, whose mitoma 
and micro^mes are the most visible of all, move most rapidly/^ 
Again, he says: "It is certain that the length of thread lying 
between the microsomes varies immensely in different parts of 
the cell, and the short threads are usually the more deeply 
stained; so that it looks as though they were contracted and 
therefore /Aicirenarf. On the other hand, the microsomes at the 
periphery are, generally speaking, the largest, and there can be 
ho doubt that it ceir which moves 

most and ihov^ As regards the basophile leucocytes, 

he states one can judge from fixed specimens, 

the b^oph^^^ to have more power of move- 

mept ihan^ feature easily accounted for, 

siipc^e 
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It seems probable, liowever, that in both acidophile and baso- 
phile cells the fibers take part in the mechanism through which 
they travel in the plasma, while contraction, thickening, etc., 
i,e,, the elements of a suction or expulsion process, are present 
to suggest the identity of the mechanism to which they owe 
their powders of locomotion. 

Basophile leucocytes are not phagocytic; they do not, 
therefore, ingest foreign substances as do tlie latter, i,e., by in- 
globing them, ^rhey must, therefore, be provided w’ith a dif- 
ferent mecfhanism for this purpose. If, in accord with my view, 
the mitoma represents a system of centrifugal canaliculi, it 
cannot serve for this purpose. Indeed, the external agencies 
penetrate the cell to the nucleus itself. Thus, W. E. Stokes and 
A. Wegefarth,'^^‘ alluding to the researches of Bail,”*^’ say: ^^After 
injecting virulent stapliylococci into the pleural cavity of rab- 
bits he found that the leucocytes underwent a characteristic 
change. 'I'hey formed round, empty bodies, containing several 
vacuoles in the nucleus/* 

How did the virulent staphylococci reach the nucleuses 
vacuoles? Metciinikoffs plate (opposite page 692 in this vol- 
ume) will assist us in elucidating this question. It not only 
forcibly illustrates what this distinguished zoologist sought to 
show, but likewise, it seems to me, a mechanism of ingestion, 
differing somewhat from the recognized “ingulfing” or “inglob- 
ing” process through which phagocytes take up germs, small 
particles, etc. An example of this mode of appropriating vari- 
ous plasmatic or foreign substances is illustrated in Fig. 5, 
which shows bacteria penetrating, from various directions, into 
the cell-wall, while Fig. 16 shows the bacteria within the peri- 
nuclear vacuole. As all the cells in Metchnikoff’s plate are 
phagocyte , the mechanism of ingestion to which I refer is 
not only that of basophiles, but is obviously a feature of all 
leucocytes. 

The fact must be emphasized that I say “perinuclear” 
vacuole, and not “nuclear” vacuole, for, if this and the other 
germ-laden cells just referred to are carefully examined, it will 
become evident that the bacteria lie in a pocket contiguous to, 

W. R. Stokes and A. Wegefarth: Bulletin of Johns Hopkins Hospital* 
Dec.. 1897. 

*®Bail: Berliner kiln. Wochenschrift, Oct. 11, 1897, 
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but not forming part of, the nucleus itself. I would not say, 
therefore, with Bail, ‘"vacuoles in the nucleus,” but vacuoles 
around the nucleus. Indeed, Gulland refers to lloidenhaiii as 
considering that “the nucleus lies free in the interfilar spa(*es, 
and is not organically connected with the celUsiibstaiue.” 'J'his 
is quite in accord with iny view, and it seems to me tiuit it 
represents the cavity into which bodies ingested by h*ii(*(H'yt(‘s 
normally arrive, though smaller vacuoles are likewise present 
in the cytoplasm. 

The a(‘tual presence of this perimudear vacuole from 
which canaliculi would start appears to me indicated in several 
of the figures in the annexed Gulland's plate. Fig. 8, for in- 
stance, stained with iron-haematoxylin, shows that the nucleus 
is surrounded by an irregular limiting matc'rial of some kind; 
but if we compare the outline of this limiting substance with 
that of all the succeeding cells, an interesting feature asserts 
itself, viz.: its thickness is extremely variable. Although 12 
may be said to be moderately regular, the others, in the fol- 
lowing sequence: 11, 10, 13, 8, 9, and 14, are increasingly irreg- 
ular. If, now, this irregularity itself is scrutinized, a signilicant 
fact is revealed: Le., the bulges, or projections, in the limiting 
structure are all at the expense of the nucleus. In Fig. 9, for 
instance, just above a clover-like figure near the center of the 
cell (probably the astrosphere), the marked bulging shows eveiy 
evidence of liaving been formed by a substance which had com- 
pressed the nuclear substance inwardly. The stages of this 
compression are exernplilied in MetchnikofI'’s plate, by Figs. Ki 
and 15, successively. In the former a single mass of liquid and 
germs is seen to have indented the center of the nucleus on 
one side, while in the second figure three cavities are shown 
which have distorted it. (The nucleus is indicated by an n.) 
In both, however, the compression has exceeded the nomial 
boundaries of the limiting structure, and centrifugal bulging 
has occurred at the expense of the perinuclear protoplasm or 
cytoplasm. So marked has this become in Fig. 14 that the 
nucleus is not discernible. 

The identity of the mitoina as a system of canaliculi sug- 
gests itself in another way. 1 have shown that the axis- 
cylinders of nerves, neuroglia fibrils, etc., contained blood- 
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plasma. Such being the case, if the fibers or ^^threads^^ in leuco- 
cytes are likewise plasma channels, they must stain, as do the 
former, when treated to various dyes. We have seen (pages 
541 to 543) that methylene-blue dissolved in salt solution and 
injected into the vessels of a living animal colored the axis- 
cylinders blue, according to Ehrlich, and that this investigator 
defined the conditions of • nerve-structure essential to the 
methylene-blue reaction as ^^oxygen saturation and alkalinity^^ 
— the very attributes of blood-plasma. Eeferring to the 'vari- 
ous stains used by him', Gulland says: “In examining the baso- 
phile cells I iised almost entirely various methylene-blue solu- 
tions,” and, later on : “The basophile cells of the dog’s 
intestinal villi, when fixed with absolute alcohol and stained with 
alcoholic methylene-blue, give exactly the same results, as to 
mitoina and granules, as other basophiles.” Evidently, as re- 
gards the mcthylene-blue stain, nerve-fibrils and mitoma (my 
canaliculi) are similar. Again, besides the plate reproduced 
here, Gulland presents two colored plates, in which the char- 
acteristic affinity of each cell for stains appears; the six basophile 
leucocytes stained with methylene-blue (normal) distinctly show 
that structures which stain most deeply are the chromatic, i.e., 
the nuclear mitoma; then, more faintly, the cellular mitoma. 
It seems clear that, as regards methylene-blue stain at least, the 
conditions are, similar to those of nerves as far as the mitoma^ — 
or canaliculi — are concerned. 

The same correspondence exists between nerve-fibrils and 
the mitoma when haematoxylin is used. We have seen (page 
536) that, according to McCarthy, the rods that proj‘ect radially 
from the axis-cylinder “stain with carmine and hgematoxylin, 
which do not stain the myelin.” The fact that the axis-cylinder 
takes haematoxylin hardly needs to be emphasized, its use in 
histological laboratories when nervous structures are studied 
being second only to picrocarmine for general staining. A 
beautiful example of haematoxylin-stained human cerebro- 
spinal and sciatic nerves is to be found in Clarkson’s “HistoU 
ogy,” page 204, for instance. All the eosihophile leucocytes 
shown in the annexed plate, in which the nuclear and the peri-, 
nuclear granules and mitoma are so clearly defined, were stain^ 
wijji Heidenhain’s iron-haematoxylin, which only differs 



FUNCTIONAL MECHANISM OF LEUCOCYTES. 


639 


the usual solution in that it colors the cellular elements that 
take it a dark gray or black. This also shows that it is not only 
with the mitoiiia of basopliile leucocytes that the staining char- 
acteristics of nerve-fibrils — i,e.^ plasma-containing channels — 
coincide, but also with that of eosinophile cells. Even Apathy's 
fibrils are recalled by the effects of corresponding stains, for 
Senn writes/^ referring to the minute anatomy of the leuco- 
cyte: ^^The reticulated structure is well shown by staining with 
chloride of gold, which stains the protoplasmic strings, hut not 
the interstitial substance.^^ It seems quite evident, therefore, 
that the mitoma, i.e., the intracellular and intranuclear net- 
works of fibers in mature leucocytes^ are canaticuli for blood- 
plasma. 

Eoncttonal JIkcitanism of the LKi coinTR. — 1 Iiavt'. 
expressed the view that the nuclear canali(‘u1i open into a 
vacuole which surrounds the nucleus (see Eig. I I in (lullaiurs 
plate) and that the outer wall of this vacuole acts as terminal 
for some of the canaliculi of the cell-substance. Although, as 
suggested by Fig. 11, the canalicular orifices that open into 
the vacuole from both directions may correspond (the nuclear 
orifices being in that ease opposite the cellular openings), such 
is by no means always the case. Indeed, in Eig. 16, for exam- 
ple, but two or three of the external canaliculi seem to be (‘on- 
nected with the vacuole, while this cavity serves as terminal for 
all the mfmnuclear channels — if such they arc. 

Is the connection between this vacuole and the exterior of 
the cell direct or indirect: i,e., through separate channels lead- 
ing directly to the exterior or to those connected with the astro- 
spliere’s system ? Thai the connn unicat ion is independent of 
the latter is emphasized by the presence of granules in the 
l)ath of all canaliculi, as shown in Gulland^s plate. A contin- 
uous function depending upon an inflow of plasma would ob- 
viously be in constant danger of arrest were the granular chan- 
nels centripetal pathways. Again, in all leucocytes, acidophiles 
as well as basophiles, the nucleus stains in the same manner, 
the granules alone, as we have seen, showing variations in this 
particular. The same may be said of the reticulum, for we 
have seen, by the staining reactions, that the compounds com- 

" Senn: **FrinclpleB of Surgery/' 8d ed., 1901. 
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posing the granules are bathed in oxidizing substance, i.e., 
adreiioxidase. Tliis uniformity of nuclear and cellular fluids in 
the eanaliculi suggests the presence of a very common mech- 
anism — one, indeed, wliicJi must serve to eliminate its contents, 
judging from tlie fact already mentioned, tliat the intracellular 
granules increase in size outwardly, the largest granules being 
at or near the surface. A common centrifugal canalicular 
system again suggests the presence of a system common to all 
leucocytes, whether phagocytic or not, for the introduction (not 
necessarily of particles or other discernible agencies) of more or 
less liquid or viscid bodies required by the cell for its own nutri- 
tion, or connected with its own physiological functions : i.e., the 
elaboration of granules. The eanaliculi serving only for the cen- 
trifugal elimination of the latter, the centripetal paths must 
penetrate to the vacuoles between the eanaliculi, or ‘Threads,^^ 
as already explained, and as shown in Metchnikoff’s plate. 
Fig. 5. We are evidently not dealing here with mere inclusion 
or pseudopodial flowing around the germs, for the latter may 
be seen to penetrate the cell between tlie granules, and, judg- 
ing from Figs. 13, 14, 15, and 16, directly into the perinuclear 
vacuole itself. 

Is the cell supplied with centripetal eanaliculi in addition 
to the centrifugal system which I believe to be represented 
by the reticulum? The fact that micro-organisms can pene- 
trate directly into the vacuole between the external layer of 
granules is not alone to suggest that such is the case, but the 
manner in which the leucocyte takes up stains likewise does 
so. As can readily be seen, the absorption of the dye by the 
cell occurs without involving any alteration of its shape which 
can at all be associated with the process. That the absorption 
cannot occur through the visible eanaliculi: i.e., those that take 
stain because they constantly contain fluid, is rendered very 
probable by the presence of the granules, which must entirely 
close their external orifices. It must occur, therefore, through 
paths presenting some analogy to the pores of certain sponges, 
which allow the surrounding water to pass into the interior of 
the sponge, so long as it does not carry any harmful products 
along with it (Metchnikoff). And yet the fact that such a sys^ 
tern of channels does not exist is shown by the promiscuous 



FUNCTIONAL MECHANISM OF LEUCOCYTES. 


641 


directions taken by bacteria in penetrating into the cell. In- 
deed, their bodies are not directed axially toward tlie peri- 
nuclear vacuole; they seem, once within the external layer of 
granules, to point in almost any direction. We are brought 
back, therefore, to the soft, yielding, protophisinic^ cell-sub- 
stance of the amoeba, which will allow liquids to transude easily 
through it, and the more dense materials to cleave their path 
into it and down to the vacuole, without leaving a wound behind 
them. "^On introducing pigeon leucocytes filled with anthrax 
bacilli (to wliich the pigeon is very refractory) into bouillon,'’ 
says Metchnikotf, ^T^acilli grow, pierce the protoplasm of the 
cells, and form well-developed filaments, showing definitely 
that the bacilli were inglobed in a living condition.” We 
might say ‘^ingest,” however, for the perinuclear vacuole asserts 
its identity as a digestive oi’gan — the familiar digestive vacuole 
— in several w^ays: i.e., as a cavity in which all the materials 
that supply the cell with functional energy— /.c., with life — 
are drawn. 

Metchnikotf,'*^ referring to the intracellular digestion to 
which amcebaa submit the materials they ingulf, writes as fol- 
lows: closer observation of the group of protozoa compels 

us to the conviction that this digestive function must play an 
important role in the mutual relations of these lowly organ- 
isms. Many rhizopoda and infusoria live in media swarming 
with other unicellular organisms, including bacteria. The 
latter, which multiply very rapidly, serve as food to many of 
the protozoa. Thus, various amoeboe devour bacilli, wliich un- 
dergo certain definite changes in the interior of the protoplasm. 
Without altering their sliape, the bacilli acquire the power of 
taking up solutions of vesuvin, wdiich does not stain these 
microbes when living in their natural c*ondition8. Since pre- 
cisely similar changes are also observed in the interior of vorti- 
cellae and infusoria, which live on bacteria, it is evident that 
they are due to a digestive influence exerted by the contents 
of the protozoa.” This conclusion is in harmony with the ob- 
servation of B. Hofer^* on digestion in amoebae. This investi- 
gator has shown that ^The more the food is altered in the in- 

Metchnikoff: ‘'Lectures on the Comparative Pathologry of Inflammatton, 
translated by F. A. and B. H. Starling, pp. 18 et 1891. 

“ B. Hofer: Jenatsche Zeltachrift. vol. xxlv, 1889. 
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terior. of these rhizopods, the more easily does it staiii with 
aniline dyes/^ When we consider that aniline dyes include 
niethylene-blue> we have evidence, in view of Bhrlich^s observar 
tion, that the ‘^conditions essential to the methylene-blue reac- 
tion^’ are “oxygen saturation and alkalinity/’ that the proto- 
type of amoeba, the leucocyte, must owe its nuclear functional 
activity to the plasma «ns exogenous reagent. . 

Metchnikoff further says: “We may often see flagellated 
monads taking up filaments of leptothrix several times as 
long as themselves, and finally inclose them in their digestive 
vacuoles.” The process of ingestion is beautifully shown in 
the plate opposite page G92, in Figs. 19 and 20, the organisms 
here being spirilla of Asiatic cholera. “It is sometimes possible 
to follow all the changes undergone by the bacteria within an 
infusorium,” continues the same investigator, “as in the case 
of the digestion by stentor of the sulphobacterium thiocysliSj 
observed by le Dantec.”^* , . . “It is evident that the di- 

gestive function of the protoplasm of the protozoa must hinder 
the invasion of these animals by the lower organisms, and it is 
only in certain special cases that the latter can live as parasites 
within the rhizopoda and infusoria.” 

The true identity of the perinuclear vacuole seems fur- 
ther emphasized by the following lines, also quoted from Metch- 
nikoil’s text, that is to say, as interpreted by his translators: 
“The sponges are of such undifferentiated organization that 
they were long considered to be colonies of protozoa, consist- 
ing, like the protospongia, of separate fiagellated and amoeboid 
individuals. Later on, it was, however, ascertained that they 
bore a certain relationship to the polypi and their allies (coelen- 
terata).” . . . “There are a few species, such as the 

siphonochalina coriacea, whose mesodermic cells alone inclose 
all foreign bodies, so that the cylindrical cells of the endb- 
derm merely serve to keep up the continuous passage of the 
fluid through the sponge. The phagocytes of both layers have 
the power of rejecting insoluble matters, which collect in the 
larger efferent canals.” . . . “We are, however, chieflj 

concerned here with the fact that the mesodermic phagoc^es 

**Le Dantec: “Recherches sur la digestion intracellulalre/* LtUa, |BSp 
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are able to digest the substances as well as to inglobe theni^ and 
.to reject the insoluble residue/^ 

The nature of the digestive process has, however, remained 
obscure. ^^The bacilli which have been inglobed by leucocytes/’ 
continues Metchnikoff, ^^are much more rapidly digested in the 
case of mammals that are either naturally refractory, as the 
dog and fowl, or have been rendered artificially immune against 
anthrax by vaccination, as the rabbit. This fact is shown by 
the researches of Hess, as well as my own. It is easy to follow 
the digestion of many other microbes within the leucocytes. 
Vacuoles arc often seen to form around the bacteria that have 
been swallowed, just as we have noticed in the digestion of 
nutrient material by the protoplasm of the protozoa and the 
myxomycetes. I have been able to observe the changes under- 
gone by the spirilla of recuiTent fever in the huuwytes of 
monkeys, as well as those undergone by the vibrio se})ti(*a*mim 
in the leucocytes of immunized guinea-pigs, and those by ery- 
sipelas streptococci in the leucocytes of man, etc. We are at 
present ignorant of the precise manner in which this digestive 
and destructive action is accomplished, and do not even know 
whether the substance which kills the microbes' is a ferment 
or not.^^ 

Before submitting tins question to analysis the manner 
in which the products of digestion, both the nutritional ele- 
ments and the excrementitious products, are disposed of must 
be ascertained. 

In the sponge the materials rejected by the phagocytes 
^^and which collect in the larger efferent canals,” says Metchni- 
koff, are eliminated ‘‘through large apertures of crater-like 
shape, the walls of which, according to some authors, are fur- 
nished with muscular fibers.” What have we in the leucocytes 
to fulfill this function: t.e., to represent what in the higher 
forms constitutes the intestinal canal? This appears to me 
particularly well shown in several of the figures in Gul- 
land^s illustration. In Fig. 10, for instance, a few “fibers” 
— our canaliculi — ^may be seen to project from the inner aspect 
of the line which to me represents the practically empty side of 
the vacuole. The same arrangement is clearly to be seen in 
Figs. 11, 12, 13, and 16. 
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If all the foregoing features are considered collectively, 
they suggest that : — ■ 

i. Leucocytes can ingest solid, semisolid, and liquid bodies 
through their cell-substance in two ways: {1) by projecting 
pseudopodia which infold or inglobe them; (^) by absorbing 
them without projecting pseudopodia. 

Solids and semisolids are mainly ingested by infolding, 
and senmolids and liquids by absorption; but all substances, ivith 
toll at plasma accompanies them, are collected in a vacuole that 
surrounds the nucleus and in which the latter lies free; and, at 
times, in the smaller vacuoles in the cytoplasm,. 

S. What physiologically useful bodies are formed in the cell 
are mainly elaborated in the nuclear canaliculi and the perinu- 
clear vacuole, and are collected in the form of granules in the 
canal iculL 

Ji. All the functions of the cell are probaJbly governed by the 
asirosphere. 

The Grant^liiis as Secretory Products.— Gulland refers 
to granules or mierosoines in tlie following words: ^‘Ehrlich 
regarded the seven varieties of granules which he described as 
being all formed by the cells, and as being either reserve mate- 
rial or products for excretion, llankin [ 1892 - 93 ] took the view 
that the acidophile granules were secretory products, contain- 
ing ^alexins/ and destined to be secreted into the blood or 
lymph. Kanthack, Hardy, and Kcng have taken much the 
same view of these special granules. Sherrington has thrown 
doubt upon it, and Metchnikoff disputes it and regards the 
eosinophilo granules as reserve material.” As viewed from my 
standpoint, the granules simultaneously represent reserve mate- 
rial and products of excretion. These processes are not the 
only ones, however, with which leucocytes arc concerned. 

Bail, to wliose investigations I have already referred, is 
also stated by Stokes and Wegefarth^*'* to have observed that, 
after the vacuole "in the nucleus” had formed, "the granules 
generally disappeared.” Furthermore, he noted that upon de- 
stroying the staphylococci by adding ether, and diluting the 
centrifugalized sediment, the granules showed a dancing mo- 
tion, and were seen to leave the periphery of the cell and entet 

Stokes and Wegefarth: hoe. cit. 
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the surrounding medium. Evidently at least sojiic of tlie gran- 
ules must liave been dropped or ejected by the leiu*oc‘ytes, and 
their canaliculi tlius freed of the impediment their presence 
constituted. 

This is sustained by a closer examination of the question, 
— tlie purpose of Stokes and Wegefartli’s paper, who used in 
their researclies blood taken from about five liundred persons. 
The granules, when observed by them with tlie aid of artificial 
light, ^^rcsembled those of the eosino])hilic or ntmtrophilit^ leu- 
cocyte.^^ Kept at the temperature of the room, tlie lattt*r 
showed no activity, but exposure for an liour tf) a temperature 
of .‘15° C. caused tliem to become active. Ifiie following lines 
are quoted from their article: “At times the granular leiu‘o- 
cytes become actively anueboid, and the granules icilhin the 
neutropliile exhibit a characteristic activity which miglit be 
compared to the swarining of bees around a liivc. fi'he number 
of fine granules free in the plasma is perceptibly increased. 
The eosinophilic granulations also show a less vigorous trem- 
ulous motion, and both varieties follow the change's in the 
direction of the pseudopodia, the protoplasm being thrown out 
first, and the granules following. The charactcu-istic dancing 
motion of the granules in the neutrophilic leucocyte (;an be 
brought out very plainly by simply mixing the drop of l)lood 
with an equal amount of distilled water containing 1 per cent, 
of alcohol. The granules become very active and j)r(isent a 
characteristic picture.” 

^^Can these granules be actually seen to leave the leuco- 
cyte? It is certainly not easy to be sure, even after continuous 
observation for an hour or more, that one has actually seen one 
of these granules leave an amoeboid leucocyte. We tliink, how- 
ever, that we have observed this phenomenon upon several 
occasions, both in fresh specimens of blood exposed to 35° C. 
and in blood to which 1 per cent, of alcohol has been added.” 
Farther on in their text they say: ^^Many fine granules can 
be seen in the clear plasma and around tlie neutropliile, and 
it would seem that occasionally a, granule leaves the active 
leucocyte and becomes free in the surrounding fluid.” 

BaiPs observation, however, that the granules actually 
leave the periphery of the cell has been sustained by other 
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observers. Gulland refers to this feature of the problem in 
the following words: has often been remarked that the 

large cells show a great tendency to leave their granules behind 
them; thus, one might come on a group of granules while the 
nearest cell was far away. Ballowitz was, I think, the first to 
declare that all or most of these groups of granules were at- 
tached to the cell by fine protoplasmic bridges. It is not al- 
ways easy to show this.^^ Gulland then says, referring to a fig- 
ure in one of Ins plates (not shown in tliat reproduced herein), 
in wliich the granules arc evidently disunited from the cell: 
"‘In the cell sliown in Fig. 31, which was so isolated that there 
could be no doubt that all the granules represented belonged 
to it, no trace could be made out of threads extending from 
granule to granule. They are probably stretched too much 
to allow them to be visible.^^ 

The absolute separation of the granules from the cell wit- 
nessed by Bail finds its complementary confirmation in the 
observation of E. B. Sangree,^® who, after patient watching, — 
sometimes several hours at a time, — states that he saw ^Three 
granules escape from an cosinophile cell, and wander away until 
lost under rouleaux of red corpuscles, after having reached a 
distance of some six diameters from the parent-cell.^^ 

^^While inside the cell,^^ says this pathologist, ^^these granules 
had participated in the constant, though rather sedate, move- 
ments of the granule mass, — but owing, doubtless, to the differ- 
ence in specific gravity of the containing medium, — instantly 
upon emerging from the parent-cell they underwent the wildest 
possible gyrations. The first to come out were two attached 
pole to pole, and these rolled frantically over each other, 
pushed this way and pulled that, all the time oscillating widely 
and rapidly, yet constantly and definitely traveling farther and 
farther from the cell, until finally lost to view. The single 
granule behaved in an exactly similar way. I noticed, too, that 
before becoming lost to view the motion of these granules had 
become considerably less marked and approximated more that 
ordinarily seen in thes^ bodies.^^ If these facts are consider^ 
as a normal sequence to the evidence adduced that the cellutef 


* E. B. Sangree: Pbiladelpbia Medical Journal, March 12, 189S. 
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net-work of fibers represents the secretory system of tlie leu- 
cocyte, it seems permissible to conclude that: — 

The granules in leucocytes are the products of an iniraccIU 
ular metabolic process and represent a true secretion. 

The Physiological Chemistry of Leucocytes. — A fea- 
ture which clearly points to the autonomy of the nucleus and 
of the net-work of canaliculi in all leucocytes is tlie uniformity 
with which they all stain with similar dyes. The nuclear can- 
aliculi and granules and the canaliculi of the cell-substance all 
take the aniline dyes, methylene-blue and methyl-grecm, for ex- 
ample: evidence that in all leucocytes the structures mentioned 
must find in the adrenoxidase a source of energy as do other 
organs. 

Beginning with the nucleus, with what chemical body 
contained in this part of the cell could the adrenoxidase 
initiate and sustain a reaetion? It is, of course, not the 
composition of the nuclear granules tliat this question in- 
volves, but that of what might be termed the nuclear ground- 
substance. Foster refers to this sulistance in the following 
words: ^^There is present, in somewhat considerable quantity, 
a substance of a peculiar nature, which, since it is confined to 
the nuclei of the corpuscles, and fuiiher seems to be present in 
all nuclei, has been called nuclein. This nuclein, which, thougli 
a complex nitrogenous body, is very different in composition and 
nature from proteids, is remarkable, on the one hand, for being 
a very stable, inert body, and, on the other, for containing a 
large quantity (according to some observers, nearly 10 per cent.) 
of phosphorus, which appears to enter more closely into the 
structure of the molecule than it does in the case of proteids.” 
We evidently have, in the nuclein of the nuclear ground-sub- 
stance, a body which, as does lecithin in the myelin of nerves, 
niyosinogen in muscles, etc., enters into active combination 
with the oxidizing substance, i,e., adrenoxidase, and the resulting 
reaction must necessarily yield functional energy, as elsewhere 
in the organism. 

The character of the reaction which the simultaneous 
presence of nuclein and the oxidizing substance within the 
precincts of the nucleus sustain is clearly suggested by the kind 
of dyes taken by the canaliculi (both of the nucleus and of the 
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cell-substance) and the perinuclear vacuole. E. T. Williams,^^ 
in a study of the chemical properties of leucocytes, refers to 
this feature of the problem in the following words: "The nu- 
clei of all three classes stain best with alkaline dyes, as methy- 
lene-blue, methyl-green, or dahlia. They are, therefore, acid/^ 
Farther on, he says: “We have seen that all nuclei are acid. 
They owe this property, without doubt, to the nuclein which 
they contain. Nuclein is acid. When boiled with alkalies it 
yields pliosphoric acid. Phosphoric acid, it may be remarked, 
is the only mineral acid which does not coagulate albumin. It 
is the presence of this acid undoubtedly which makes nuclein 
acid. According to the experiments of Kossel, quoted by 
Vaughan and Novy,'‘‘‘‘ nuclein, when boiled with acids, yields 
certain organic, albuminoid bases, as adenin, rarcin, xanthin, 
spermin, and others.^^ . . . "We must conceive, therefore, 

of nuclein as some sort of a phospho-albumin whose composi- 
tion has not been precisely determined.’^ The source of the 
various chemical bodies involved in these processes is shown in 
the following lines of Professor Foster’s: "The ash of the white 
corpuscles is characterized by containing a relatively large 
quantity of potassium and of phosphates, and by being rela- 
tively poor in chlorides and in sodium. But, in this respect, 
the corpuscle is merely an example of what seems to be a general 
rule (to which, however, there may be exceptions), that, while 
the elements of the tissues themselves are rich in potassium 
and phosphates, the blood-plasma on which they live abounds 
in chlorides and sodium salts.” 

The chemi(‘al process involved may easily be traced with 
the foregoing factors as main elements: The blood-plasma (if 
the views already submitted are sound) evidently reaches the 
nucleus through the intercanal icular substance of the cell-body; 
this is shown by the fact that this substance likewise — ^though 
to a less marked degree — stains with methylene-blue. Under 
ordinary circumstances, according to microscopical evidence, 
the perinuclear vacuole is practically collapsed : i.e., its nuclear 
wall is more or less close to that of the cell-body. This is well 
shown in Gulland’s plate, by Figs. 10 and 12. The nucleus 

E. T. Williams: Boston Medical and Surgical Journal. Sept. 5, 1901* 

Vaughan and Novy: “Ptomaines and Leucomaines.” 1891. 



PHYSIOLOGICAL CHBMISTRY OF LKUCOCYTES. 


(\ 4 \) 


thus bathes in blood-plasma, and its caualieuli become filled 
with the latter along with the vacuole. Tho nuclein of tlie 
nucleus under these circumstances itself bathes in the plasma, 
being thus exposed to the action of tlie latter's oxidizing sub- 
stance or adrenoxidase. 

Still, this suggests the presence of a stream of jdasrna 
flowing through the nucleus itself, with the canalicuii as emimc- 
tories. The contraction and retraxdion of the canalicuii — or 
reticulum — to which Gulland and others refer repivsent tlu^ 
only mechanical device in the cell by means of which the vacuolf' 
can be drained. 

These minute vessels ])robably serve as continuous chan- 
nels for the stream of plasma, which contains, besides the 
adrenoxidase, the alkaline salts necessary to the intracellular 
process. The plasma’s adrenoxidase and tli(‘ nin'lcin's jdios- 
phorus, thus brought into contact, liherate considc'rable heat, 
and the alkaline salts in the plasma tlnui take ])art in the 
reaction to which Williams refers, and which involves, w(» have 
seen, the formation of phosphoric aedd and other agencies to 
which i wi-l ])resently allude. 

We must not lose sight of the fact, however, that nuclein 
is derived from nucleo-])roteids, and that during th(» oxidation 
process w^astc-products are formed: we have in the ^bulenin, 
sarcin, xanthin, spermin,” etc., to which Williams n*fi‘rs, a 
series of catabolic products. This awakens an important patho- 
logical feature. We have seen that, when nucb*o-prot(*ids un- 
dergo cleavage in the organism, the proco'S involvcMl must be 
brought to a finish: i.e., to the stage of phosphoric acid forma- 
tion. The penalty, if completion does not attend th(> series of 
reactions, is the presence in the blood-stream of the above- 
mentioned purin bases, which arc now considered, we have seen, 
as the source of the so-called ‘^gouty diathesis.” Slight insuf- 
ficiency of the adrenal system, therefore, by r(‘ducing the adren- 
oxidasc and thyroiodase in the b’ood, must inhibit the intra- 
cellular reactions that I liavc just outlined, thus giving rise to 
this disorder. Or the injudicious use of rich foods, by sur- 
charging the proportion of nucleo-proteids taken up by the 
cells, may lead to the same result though the normal proportion 
of adrenoxidase and thyroiodase — ^the latter, we have seen, play- 
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ing an important role by sensitizing the phosphorus to oxidation 
— be present in the plasma. 

Another phenomenon which appears to me elucidated by 
the presence of the adrenoxidase of the plasma is the manner in 
which worn-out leucocytes are destroyed. As frequently ob- 
served by histologists, each of the varieties may be seen at a 
given time to become ^‘oxyphile/’ or oxygen-loving, and to 
undergo disintegration, a preparatory step to proteolysis here. 
Even the eosinophile leucocytes, which, according to Metch- 
nikolf,*^ are unable ^^to inglobe foreign bodies, and therefore 
cannot act as phagocytes,^^ are destroyed by proteolysis. The 
affinity of these cells for acid dyes might account for their oxida- 
tion, however, and suggest a limit; but such a limit does not 
exist, for basophile cells also yield to the same agency. Indeed, 
Gulland, referring to a figure in his colored plate which gives a 
vivid illustration of a cell undergoing disintegration, describes 
it as follows: ^‘Degenerated basophile cell from the mesentery 
of newt. Methylene-blue.^^ In other words, an eosinophile is 
always acidophile, while a basophile is only acidophile when it is 
dead or about to die. We have seen that methylene-blue stains 
oxygen-laden media; hence, the adrenoxidase is evidently an 
active factor (as amboceptor) in the destructive process. 

It seems to me that we can conclude from the above data 
regarding the physiological chemistry of leucocytes, or white 
blood-corpuscles, that: — 

1, The granules which constitute the secretion of all varie- 
ties of leucocytes are the products of a continuous reaction in 
the nucleus, in which the nuclein of its nucleus, the materials 
ingested by the cell, and the plasmatic adrenoxidase, thyroiodase, 
and alkaline salts take part, 

2, When a leucocyte becomes functionally incompetent it is 
destroyed by proteolysis in the blood-plasma. 

Classification of Leucocytes. — I have proceeded as far 
as I could with our analysis of the leucocytes as a unit, and 
it now becomes necessary to ascertain, if possible, the functions 
of the various types which histologists, headed by Ehrlich, have 
established with the aid of staining methods. 


"Metchnikoff: hoc, cit., p. 116. 
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Kanthack and Hardy"® not only give a clear, tlioiigh suc- 
cinct, outline of the various varieties of cells, but they empha- 
size features of the problem which are of special interest to 
us. After briefly reviewing the more prominent contributions 
to our knowledge of the subject since Wharton Jones's nu*m- 
oirs, published in 184(), including the investigations of IJind- 
fleisch (1863) and Max Schultze (1865), they write as 
follows : — 

^^After Max Schultze, no further advance was made or, 
indeed, was possible in the histological analysis of the sporadic 
mesoblast, until Ehrlich, in 1878, furnished a rational basis 
for the use of staining reagents by his far-reaciiing discovery 
that the elective affinity of certain constituents of tissues for 
particular stains could be referred to two factors: the chemical 
nature of the staining substance ein])loyed and— a point too 
often ^neglected by workers who have followed bis methods — - 
the nature of the medium in which tlie stain is dissolved."^ 
Ehrlich drew particular attention to the granules, the pos- 
session of which characterizes various forms of wandering cells. 
These he divided into five classes, differing either in their 
special affinity for bases, acid, or neutral dyes, or in size. The 
a or eosinophile granulation colors only with acid dyes; th(‘ ^ 
granulation colors with both acid and basic dyes (amphophile) ; 
the y granulation colors only with basic dyes, and the individual 
granules are large; the 3 granulation colors only with l)asi(! 
dyes, but the individual granules are small; and the f granu- 
lation colors only in neutral dyes. 

^The nomenclature of the granules was extended to the 
cells bearing them. Thus, the various forms of white cells 
found by Ehrlich in blood were: I. A small cell free from 
granules, to which the name lymphocyte was given, from the 
fact that it appears to be developed in lymphoid tissue. This 
is the small, non-amoeboid form of Max Schultze. 11. A cell 
characterized by possessing fine granules and one or several 
nuclei. This is by far the most numerous form of white blood- 
corpuscles in mammalia, and was found by Ehrlich to be neu- 
trophile in man, and amphophile in rabbits and guinea-pigs. 

^Kanthack and Hardy: Loe. clt, p. 

^ All the italics are my own. 
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III. The eosinophile cell, or coarsely granular cell of Wharton 
Jones and Max Schultze. It occurs only in small numbers in 
the blood of mammalia, but is abundant in the blood of lower 
vertebrates. IV. A basophile cell with fine basophile granules 
( 5 granulation). 

“The mononuclear amoeboid cells of Max Schultze are 
apparently grouped with the neutrophile cells by Ehrlich. In 
addition to these forms Ehrlich describes a basophile cell with 
coarse granules ( y granulation), occurring mainly in connective 
tissues and also in the blood of frogs, but not in the blood 
of mammals. These he calls ^Mastzellen.’ 

“From what we have said so far it will be seen that the 
group of finely granular blood-corpuscles described by Max 
Schultze includes the amphophile and neutrophile and the 
finely granular basophile cells of Ehrlich. Since Ehrlich’s work 
no contribution to our knowledge of the morphology of the 
wandering cells has been made except on points of detail. 
Mention must, however, be made of the group of cells recog- 
nized by MetchuikofP- in his treatise on inflammation. The 
term ^leucocyte,’ originally applied by the French school of 
physiologists, is used to designate wandering cells, and the fol- 
lowing varieties are recognized: (I) lymphocytes; (II) mono- 
nuclear leucocytes with abundant protoplasm and a round 
nucleus; (III) polynuclear leucocytes, or ‘leucocytes neutro- 
philes’; (TV) wsinophile leucocytes.” 

My purpose being to ascertain the physiological functions 
of the various types, Ehrlich’s four classes, by affording def- 
inite microchemical limits, will probably prove more useful 
than the simplified groupings that other histologists have in- 
troduced, and which, by reducing the number of divisions, have 
tended to efface landmarks that can serve as clues for research. 
I will preserve, therefore, Ehrlich’s classification, and try to 
ascertain whether the various types of cell do not differ phys- 
iologically from one another as they do histologically. 

Lymphocytes and Hyaline Cells. — The first cell of 
the Ehrlicli series, the lymphocyte, seems fully entitled to the 
position accorded it by histologists in general: that of a leu- 
cocyte in process of development. The cellular substance is 


Metchnikoff : hoc. cit. 
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devoid of canaliculi (or niitoma) and of granules, altliougli 
the nucleus itself is supplied with both, and is evidently fiine- 
tionally active. Lymphocytes are considerably smaller ((> to 
G.5 fi) than leucocytes, and represents less tliau one-fourth of 
the total number of these cells. They are devoid of aimeboid 
motion. Hyaline cells have been classed in the same category, 
the cell-body being likewise free from granules, as shown in 
Gulland^s plate. Fig. 1. Both may become active, liowever, 
before complete maturity is reached. 

Neutkofhile Leucocytes. — These are extremely impor- 
tant members of the leucocyte family, for they re])resent fully 
tlircc-fourths of the white cells of the l)lood, and constitute 
MetehnikofFs nuiin group of phagocytes. They an* tmaiuMl 
‘^hieutropliile” by Ehrlich because their granulations stain with 
both acid and basic dyes. Their reaction to acid dyes is very 
much less intense, however, than is tlie case with purely aeddo- 
phile cells, according to Kanthack and Hardy. Tludr gran- 
ules are small as compared to those of other acido])hiles. 
Though termed ^^polynucleaF^ leucocytes by HetchnikolT, the 
masses thought to represent as many nuclei are uniti‘d by 
thin bridges, thus constituting a single nucleus. Especially 
is this likely, since the only other type of cell deemed phago- 
cytic by Metchnikoff is a mononuclear cell. Oulland contcTids 
that no shape of nucleus is invarialjly assotdated with granules 
of a special kind. It seems evident, therefore, that the phago- 
cytic cells are only distinguishable by their aflinity for alkaline 
dyes and a slight affinity for acid dyes, and by tlie cioncuiTencc 
of these histological properties with small granules. 

Kanthack and Hardy, who refer to this leucocyte as a 
^Tinely granular oxyphile cell,” speak of it as follows: “It has 
a very limited and precise distribution, for, under normal con- 
ditions, it is entirely absent from extravascular spaces, and 
occurs only in the hlood,^^ where it is by far the most numerous 
corpuscle, forming 20 to 70 per cent, of the total number of 
white corpuscles. The fluctuation in this percentage is prob- 
ably due, in the main, to the great periodic variations in the 
number of lymphocytes present in the blood. Thus, the effect 
of a meal is to cause a considerable increase in the number of 


* All italics are my own. 
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lymphocytes in the blood, and, therefore, a fall in the share 
of the total white corpuscles due to finely granular cells. If 
tliis^ disturbing factor be eliminated,” continue these investi- 
gators, ^^and the percentage of the finely granular oxyphile cells 
be taken of the adult white corpuscle only, this is found 
to be always very high : in man, 75 to 90 per cent.” 

MetchnikofT, referring to the phagocytic properties of 
tliese cells, writes as follows®^: ^‘^Evcn outside the organism 
these am(t?boid cells readily inglobe a large number of foreign 
particles with wliich they may come in contact, and tliey may 
often be seen literally crammed with all sorts of granules. Like 
the amoebae, they swallow not only inert bodies, such as gran- 
ules of carmine or other substances that are insoluble in the 
fluid surrounding the leucocytes, but also a large number of 
living organisms.” This is merely quoted to emphasize the fact 
that the leucocytes differentiated by Ehrlich from all others by 
the term ^^neutrophile” are, irrespective of the form of their 
nucleus, the wandering cells which Metchnikoff has shown to 
fulfill the physiological function he has termed ^^phagocytosis.” 

The N^eutrophile Leucocytes in Assimilation. — ^T he 
property which these cells so strikingly show : i.e., their ability 
to ingulf or rather ingest substances of all kinds, seems to me to 
suggest that they are intrusted with another role in the body: 

its nutrition. Macallum®® observed, in sections of intestines 
taken from animals first starved, then fed upon a substance 
containing albuminate of iron, free leucocytes crowded with 
granules of iron-pigments in the intestine. Some of these cells 
appeared to pass out through the epithelial cells, while others 
advanced into the subepithelial elements. Macallum also found 
tliem in the venules of the villi, the spleen, etc. 

We have just seen the reference of Kanthack and Hardy 
to the ^^considerable increase in the number of lymphocytes 
in the blood, and, therefore, a fall in the share of the total 
white corpuscles” caused by a meal. Both these two phenom- 
ena become normal events instead of a ^^disturbing factor” if 
the process of digestion includes the use of a large proportion 
of adult or fully developed leucocytes to transport varions 


Metchnikoff; Loc. cit.. p. 115. 
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materials from the intestinal canal to various parts of the 
organism. It is evident that under these eircumstanees the im- 
mediate neoformation of lymphocytes, and their ra[)id growll'., 
as is probably tlieir wont, to the state of mature (‘ells, beeouu^s 
a sine qua non of continued existence. 

Overlooking the possibility of such a function, and led hv 
his own hypothesis to ascribe to intracellular ])r()cesses the 
])resence of food-products in the ]euco(*yte, ^letchnikolP'' writes: 
“'J'lie digestion of proteid substani'es by tlie leiu’ocytt's is well 
shown by the gradual changes that take plaice in the musimlar 
fibers which have been inglobed by leucocytes in (-ases of acaite 
muscular atrophy. The jiresence of peplonv in leiuiocytes, which 
lias been so often proved by irofm(?isier, is sullicicaitly ac- 
counted for by this fa(.*t of intracellular digi^stion, and ikhmI 
not, therefore, be referred, as done by this author, to an ab- 
sorption by these cells of the peptone formed in the alimentary 
canal'' I need hardly observe, liowever, that, added to the 
foregoing testimony, Hofineister’s view seems sustained. 

Indeed, the process to which the peptones owe their ])r(‘S- 
ence within the cell is not dilTicult to tra(*(i, if the latt(U’''s me- 
chanical functions, as T have construed them, are takim into 
account. The iiresence of peptones within the ])erinviclear 
vacuole being an accepted fact (since it is recognized by both 
investigators), the presence therein of substances from which 
the peptones are elaborated must be accounted for. A1(d(,*hni- 
koff traces these to products of degeneration, as suggested by 
his comparison, and perhaps to waste-products of digestion. 
Ilofmcister’s conception differs only from this in implying a 
closer or more direct relationship bet^veen the leucocytes and 
the intestinal contents of their host. In other words, while 
Ilofmeister associates leucocytes with the process of digestion, 
Metchnikoff looks upon them only in the light of scavengers. 
That phagocytes may fulfill both roles is obviously suggested 
not only by their own chemico-physiological characteristics, 
but also by their itinerary in the system. Both Hofmeister 
and Metchnikoff are right, therefore, each in his own way. 

Ini his review of the absorption of proteids Stewart'^^ 

“ Metchnikoff: hoc. dt, p. 124. , 

” Stewart: **MaDiial of Physiology," 4th ed., IDOO. 
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writes: Although a certain amount of egg-albumin and other 
native or slightly altered proteid substances can be absorbed 
as such by the small, and even by the large, intestine, there 
can be no doubt that the greater part of the proteids of the 
food is first changed into proteoses and peptones. But proteoses 
and peptones are absent from the blood, and, indeed, when in- 
jected into the blood they are excreted in the urine. When 
injected in larger amount they pass also into the lymph, from 
which they gradually reach the blood again, and are eventually, 
as before, eliminated by the kidne3's. The clear inference is 
that when absorbed from the alimentary canal they must be 
changed into one or both of the chief proteids of blood and 
lymph (serum-albumin and serum-globulin) in their passage 
through its walls. And it has actually been shown that during 
digestion of a proteid meal the mucosa of the stomach and 
intestine contains proteose and peptone, while none is present 
in the muscular coat or in any other organ. They rapidly dis- 
appear from a portion of the mucous membrane kept at a tem- 
perature of about 40° C. outside the body; but not if it has 
been thrown into boiling water immediately after excision, nor 
even if it has been heated at 60° C. for a few minutes and then 
kept at 40° C. Now, a temperature of 60° C. does not destroy 
an unorganized ferment, but kills a living cell. The regenera- 
tion of the proteose and peptone must, therefore, presumably 
take place in cells, and the only available cells in this locality 
are those which line the intestine, or the leucocytes which 
wander between them. Accordingly, both have been credited 
with the power of absorbing and transforming these sub- 
stances.”®® 

If my views concerning the functions of the epithelial 
cells of the intestines, as submitted in the seventh chapter, are 
sound, they subserve an entirely different function from that 
now generally ascribed to them: i.e,, that of supplying the 
intestinal tract with a secretion calculated mainly to asepticize 
the intestinal contents. On the other hand, I showed that 
the lymph-follicles, including Pey-er’s patches, supply leuco- 
cytes, formed in the cytogenic area of the follicles (Flemming's 
central nodule), to the intestinal cavity through the fenestrated 

All italics ar^ my own. 



NEUTROPHILES IN ASSIMILATION. 


(>57 


membrane overlying each follicle. As the inquiry did not 
afford evidence to the effect that all thase leucocytes served 
to insure destruction of pathogenic bacteria, 1 stated that 
some of them carried out this function. Indeed, there was good 
ground for this limitation, for 1 had already referred to the 
iron-laden leucocytes observed by Macallui]! and had been led 
later on to allude to those charged witli the return of hiliriihin 
to the circulation. That the leucocytes sujqilii'd to tlu' int(>s- 
tinal canal by the cytogenic follicular areas inelude sonu^ — and 
probably a large proportion — ^Avhose functions it is to ingest 
proteids ivitli the iron and bilirubin, tlien re-enter the intes- 
tinal wall by way of the villi, is very likely. 'J'o tlie varif)us 
agencies thus incorporated in the organism can now be added 
that referred to by Metchnikoff in the sentence: ‘‘The })resencc 
of peptones in leucocytes which has been so often proved by 
Hofmeister.^^ While this contributes further evidence to sliow 
that my conception of the whole process must be poised upon 
solid premises, it also suggests that leucocytes ingest proteids, 
and not peptones, from the intestinal canal, because pe))tones 
are the terminal products of the digestion of proteids. 

If leucocytes ingest proteids, these must accumulate in 
their perinuclear vacuole and find their way into the nuclear 
canaliculi. These cells being freshly supplied to tlu‘ intestinal 
canal from the follicles, the proportion of blood-plasma in them 
must be limited when, laden with proteids, they enter the ven- 
ules of the villi to find their way to the portal vein. Even in 
this vessel they must again find a dear*th of adrenoxidase, 
for we have seen that this channel is essentially venous. We 
must not lose sight of the fact, however, that potent additions 
to its contents are obtainable here: the spleno-pancreatic in- 
ternal secretion, i,e,, trypsin, to which the plasma of arterial 
l)lood and dextrose may be superadded when the precincts of 
the hepatic artery, i.e,, the hepatic lobules, are reached. 

If these cells do take up proteids and other bodies utilized 
in nutrition or in the building up of various organic structures, 
their own canaliculi, i.e,, those of the cell-substance, must serve 
as the eliminatory channels. In other words, proteids ingulfed 
by the leucocyte must be submitted to a process of digestion 
in the nucleus and its vacuole, .and the products be passed out 
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as granules. This elevates leucocytes io the rank of glandula/r 
organs, but we must not overlook the fact that glands in gen- 
eral supply their secretion in the form of granules. Eeferring 
to the parotid, for instance, Foster speaks of the secretion as 
^‘generally in the form of granuW^ and of the ^^grajiules” 
which in the submaxiJlary gland ‘hnay obscure the nuclei.” The 
granules of the pancreas, of the intestinal epithelial cells, etc., 
are also familiar examples. Indeed,, all these granules only 
differ from those of leucocytes in being less complicated molec- 
ularly and smaller. They seem to me fully to represent a true, 
cellular secretion. 

Whatsis tlie nature of the neutrophile’s secretion, i,e,, the 
composition of its granules? Milroy and Malcolm*^® state that 
the finely granular amphophile (or neutrophiles) granules “are 
usually taken to be proteid in nature,” and refer to the fact 
that Sherrington had suggested that they might be ^^of nucleo- 
proteid nature”: a view which their own researches confirm. 
Under the action of alcohol kept at boiling-point, neither fine 
nor coarse oxyphile granules were dissolved; ether also at boil- 
ing-point gave similar results. These agents being then used 
successively, the granules remained practically unaltered : a 
fact which leads the authors to conclude that the granules 
ca7inot consist of fat or lecithin. Weak alkaline solution at 115® 
to 120® C. almost entirely removed the granules from the 
finely granular cells, ‘‘but the most striking feature was the 
persistence of two structures, the nuclei and the coarse oxy- 
phile granules.” Solutions of sodium carbonate to 1 per 
cent.), followed by careful washing, almost entirely removed 
the fine oxyphile granules in from one to sixteen hours, while 
the coarse ones were left. Oxalic acid (0.4 per cent, in alcohol, 
then li/4-per-cent. watery solution) entirely removed the small 
granules, a few of the coarsely granular oxyphile cells contain- 
ing pink-stained granules, while others were vacuolated. As 
a result of these tests (which should be read in extenso in the 
original paper) Milroy and Malcolm write as follows: ^^The poa- 
sibility of both types of granules consisting of the same kind 
of organic matter either differently hound or with organic sal^ 
atached in such a way as to alter the solubilities is certainly a 


Milroy and Malcolm: Journal of Pliyalology, Tol. xxy» 1899. 
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strong one. That it is not simply albumin or globulin appears 
evident from the comparatively insoluble character of both 
types of granules, but especially the coarse oxyphile ones. 
Again, the fact that the fine granules are not only oxyphile, 
but also basophile, supports the view that they ai*e composed 
of a complex proieid suhstancef*^^ . . . Tlie coucoidauce 

of these facts with those previously recorded appears to me 
conclusive. 

Milroy and Malcolm^s researches not only seem to me to 
give neutrophile granules their own identity (though showing 
a distinct kinship to the larger acidophile granules), but also 
to emphasize the fact that these minute masses of proteid sub- 
stance represent the end-rcsult of the intracellular process that 
occurs during the Journey of the leucocytes from tlie intestinal 
villus to the general circulation via the portal and hepatic 
vessels. 

Is it only in the cells that the reactions which serve to 
convert proteids into assimilable products occur? '^rhe investi- 
gations of Milroy and Malcolm will greatly assist us in eluci- 
dating this question. 

In their first article on the ^^Mctabolism of TvTucleins’'^^ 
these investigators say, in the course of a review of the inetah- 
olism of the nucleins under physiological conditions: ‘‘When 
nucleins are taken by the mouth, the first change that they 
undergo in the alimentary tract is a simple solvent one in the 
stomach, and that only to a very slight degree. They are never 
split up into their constituents. They are easily broken up, 
however, by the pancreatic secretion^^ into an organic phos- 
phorus-holding acid (not nucleic acid) and alburnose or pep- 
tone. The important points to notice are that the phosphorus 
is still in organic combination, and that neither ortho- nor 
meta- phosphoric acid is so formed. It is probable that the 
organic phosphorus-holding acid so formed is similar to thymic 
acid. It forms soluble compounds with alburnose and peptone, 
and is, in all probability, so absorbed. After absorption the 
bodies derived from the nucleins cause a well-marked leuco- 
cytosis, and the excretion of phosphoric acid in the urine is 

Milroy and Malco^: Journal of Physiology, vol. xxlll, No. 3, July 26, 1898. 
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increased. Whether a hypoleucocytosis always precedes the 
hyperJeucocytosis is difficult to say. Almost all the writers on 
this subject have emphasized the fact that, on giving nucleins 
by the mouth, the phosphoric acid excretion in the urine is 
increased; but they have omitted to show that tliis excretion 
cannot he accounted for by the phospliorus taken in the form 
of nucleins, there being really more pliosphorus excreted by 
the kidneys than was present in the original nucleins.” 

Again, as a result of a series of experiments, Milroy and 
Malcolm are led to the following conclusions among others: 

The digestion products of nuclein-holding tissues, nuclein 
and nucleic acid, cause, on being absorbed, a temporary leuco- 
cytosis, which is accompanied by a rise in the PoOg excretion 
above that derivable from the absorbed phosphorus. These 
alterations are especially well marked after giving nucleic acid. 
2. The alloxuric bodies are excreted in excess, after nucleic acid 
has been given, and in all prolaibility also after large doses of 
nuclein-holding tissues or nucleins, although in our experi- 
ments, owing to the sinall amount of thymus taken, there was 
no distinct increase. 3. The uric acid excretion after nucleic 
acid was only slightly, if at all, increased. We were exceedingly 
anxious to give larger doses of nucleic acid, but were unable to 
do so because of certain rather disagreeable symptoms (severe 
muscular tremors) which arose after the larger quantity had 
been given.” 

The augmented phosphoric acid excretion to which the 
authors refer, and which they state cannot be accounted for 
by the phosphorus taken in the form of nucleins, has doubtless 
suggested to the reader as primary cause the increased func- 
tional activity of the adrenal system induced by the phosphorus 
ingested: an interpretation sustained by the presence of severe 
muscular tremors, ^^which arose after the larger quantity had 
been given.” Of course, phosphorus here acts like any other 
toxic as a stimulant, the anterior pituitary body responding 
to the effects of organic poisons as well as those foreign to the 
system as a chemical entity. 

Still, this involves the necessity of showing that leucocytes ' 
are themselves the scat of the enhanced metabolism and the 
source of the excess of phosphoric acid to which the muscull^^; 
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tremors are due, in accord with luy previous staleiueiUs to 
tliat effect. Again, if, as I have suggested, tlio granules rep- 
resent the leucocytic secretion, an excess of granules luust 
occur under the influence of the stimulation of the adrenal 
system induced. That such is the case is sliown by the follow- 
ing casual remark of Stokes and Wegefarth,*”* wlio, as stated, 
based their studies of the free granules derived from leueoevtes 
upon examinations of blood taken from about live liundred 
persons: ^^n perfectly fresh specimens the granules were not 
numerous, but they seemed somewhat increased in patients ^\^\o 
had been taking tonics or various alcoholic drinks.'' 

This, in turn, involves a query as to the manner in whieh 
the anterior pituitary body becomes primarily stimulated when 
nucleins are taken in excess, for it would s(‘em iliat locked iij) 
in the perinuclear vacuole of the leucocytes their pliosphoru i 
could not influence the adrenal system through the blood- 
stream. This would doubtless hold wore the intra(‘(‘llular 
process to cease at any time, but, as this must Ix'gin as soon 
ns the cells enter the hepatic capillaries, after ac(|uiring (herein 
their adequate supply of adrenoxidase, their normal production 
of granules must start at once. An inordinate proportion of 
nucleins in the food soon siqqdics the blood-stream, throngli tlui 
agency of the cells, with an abnormal qiiantity of these minute 
phosphoms-laden bodies. These at first give rise to excc^ssive 
functional activity, including among other signs the ‘‘^sewere 
muscular tremors’^ to which Milroy and Malcolm i-ef(‘r, coupl(‘d 
with an excess of production. Persist(*d in, however, the 

excessive (relative) ingestion of nucleins brings on, as do other 
toxics, adrenal insutlieiciuw, wliieli, l^y entailing a redueed ])ro- 
duction of adrenoxidase and trypsin, upon wliicli the physio- 
logically perfect intracellular reactions mainly dep(*nd, corre- 
spondingly lowers the efficiency of the cleavage-pro(‘osses. This 
means, instead of the pliysiologically perfect granules which, wo 
have seen, Milroy and Malcolm found to he protcid in nature, 
an accumulation in the blood of protcid toxalburnins. 

In their first paper, the above-mentioned investigators 
draw attention to the two decomposition products considered 
‘^as more or less characteristic signs of the decomposition of the 


Stokes and Wegefarth: Loc, cit. 
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nucleins, viz. : the alloxur bases and phosphoric acid/^ If my 
conception as outlined in the preceding paragraph is justified, 
these alloxuric bases are products of inadequate metabolism, 
while phosphoric acid is the product of perfect metabolism. 
Uric acid having likewise been considered as a product of 
the complete process, a rise of alloxuric excretion cannot 
occur along with excessive phosphoric acid production. That 
my conclusion, based mainly on Horbaczewski’s work, was war- 
ranted, is shown by what Milroy and Malcolm term ^^points 
of special importance” as results of a series of experiments, 
namely: "1. There is no doubt that the P2O5 excretion is 
increased even when very small doses of thymus are given. 2. 
Relatively, also, the PgOs is increased in proportion to the 
nitrQgen. 3. With the small amount of thymus taken there 
was practically no appreciable alteration in the excretion of 
the alloxuric bodies, either absolutely or relatively to the total 
nitrogen or total P2O5.” All this serves to emphasize another 
feature of the problem : i,e., that phosphoric acid is the proto- 
type of uric acid as a product of perfect or physiological intra- 
cellular metaholism, and that the phagocytic leucocytes which 
take up nucleo-proteids from the intestinal food-products are the 
seat of the reactions through which these bodies are converted 
into assimilable products. 

Although I have only dwelt so far, as regards the intra- 
cellular processes with which nucleo-proteids are concerned, 
with neutrophile leucocytes, these are not alone the seat of 
reactions which, normally performed, end in the production of 
uric and phosphoric acids. Indeed, we have seen that all leu- 
cocytes contain nuclein in their ^^nucleus” — ^a fitting name 
under the circumstances, and the physio-chemical process re- 
viewed only typifies that which occurs in all varieties of leuco- 
cytes. Wherein the neutrophile cells are distinguishable, how- 
ever, is in their ability as phagocytes to take up nucleo-proteids 
from the intestine, and to break them up, by means of the 
trypsin and adrenoxidase subsequently absorbed by them, into 
peptone and an organic compound containing phosphorus. 

How are the various bodies, the presence of which this 
suggests, utilized ? The presence of pancreatic secretion in. th® 
intestine, and of the epleno-pancreatic secretion in the 
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vein, would suggest that the leucocytes must be carriers of 
carbohydrates: an important question wl»en we consider the 
leading functional role which myosinogcn plays m imiscnilar 
contraction. Dextrose, formed from glycogen, itself in turn 
a product derived from starches, forms part of a chain of events 
which would, in a measure, have to occur witliin the cell itself. 
That such is the case is suggested by the investigations of 
Zabolotny,®^ wlio found that phagocytes (h*voured particles of 
starch-paste and digested them: features which led this in- 
vestigator to conclude that ^^the presence of an amylolytie fer- 
ment in the phagocytes cannot be doubted.” But ZalK>lotny 
likewise states that when leucocytes ingest starch they become 
iodophile. This, as is w^ell known, has been termed by lianvier 
and other physiologists the ^^glycogen reaction.” 

Foster, referring to this question, says: ^Tn the case of 
many corpuscles, at all events, we have evidence of the presence 
of a member of the large group of carbohydrates, comprising 
starches and sugars, viz. : the starch-like body glycogen, . . . 

This glycogen may exist in the living corpuscle as glycogen, but 
it is very apt, after the death of the corpuscle, to become 
changed by hydration into some form of sugar, such as maltose 
or dextrose.” Indeed, he furnishes us complementary evideiu'c, 
alluding to the cellular proteids in the following sentence: 
^‘One of these proteids is a body either identical with or closely 
allied to the proteid called myosin, which we shall have to study 
more fully in connection with muscular tissue.” I have 
shown that myosin is the post-morlem product of the action of 
what remains of oxygen in the plasma upon myosinogen, and 
that this is the cause of rigor mortis, Foster says, in this con- 
nection : ^^And we have reasons for thinking that in the living 
white corpuscle there does exist a body identical with or allied 
to myosinogen, which we may speak of as being in a fluid con- 
dition, and which, on the death of the corpuscle, is converted, 
by a kind of clotting, into myosin, or into an allied body which, 
being solid, gives the body of the corpuscle a stiffness and 
rigidity which it did not possess during life.” All this seems 
to me clearly to suggest that these leucocytes, in the light of my 


Zabolotny: Russian Arebives of Pathology, April, 1900. 
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views, supply the muscle-cells of the entire organism with 
myosinogen. 

Still, our analysis alone so far points to the neutrophiles 
— by far the most numerous leucocytes in the blood-stream — 
as the ones upon which this great function would devolve. It 
becomes necessary, therefore, to control this conclusion by 
showing that excessive muscular exercise, by creating a demand 
for myosinogen in the cells of all muscles, — skeletal, cardiac, 
vascular, etc., — engenders a leucocytosis in which the neutro- 
philes prevail. The data for this are available in a study of 
this subject by It. C. Larrabee,*'*'^ who writes as follows : ^^The 
I)apcr is based on a study of tlie blood of four of the contestants 
in the Boston Athletic Association’s Marathon race of 1901. 
This is a road-race of about twenty-five miles (40 kilometers), 
held each spring. The severity of the contest will be apparent 
when it is said that the winner — ^not included in my four — 
covered the distance in less than two and one-half hours. This 
is about ten miles an hour, about as fast as an ordinary man 
rides his bicycle for pleasure. . . . The blood of these four 

cases [counted by the author, assisted by Dr. W. H. McBain] 
before the race showed no abnormalities. The percentage of 
polymorjihonuclear neutrophiles may perhaps run a little high, 
but this is to be expected in active young men in the best pos- 
sible physical condition. After the race the blood was taken 
immediately, within five minutes from the actual finish. In 
every case a leucocytosis was found, varying from 14,400 to 
22,200. The ditferential count showed that the increase was 
mainly in the polymorphonuclear neutrophiles 

That the exciting cause of the leucocytosis was the increase 
of waste-products which in turn stimulated the adrenal system, 
hardly needs to be dwelt upon. Vagal influence incited to in- 
ordinate activity and controlled the organs charged with the 
genesis of these particular cells, while the inordinate oxidation 
processes started by the overactive adrenals in all tissues ac- 
counts for the general leucocytosis which the word "mainly” 
implies. 

Myosinogen being a member of the globulin group of pro- 
teids, the other members of this group should be represented 


R. C. Larrabee: Journal of Medical Research, Jan. 1902. 
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among the celFs products, particularly libriiiogcn found in the 
blood-plasma in association with scruin-glol)ulin and scruni- 
albuniin. That such is the casu is (lcin()nstra])lc. Stewart'*" 
alludes to the sources of nucleo-pmteid in the following words: 
‘Tn shed and clotting blood, the only possible sources of nuch‘o- 
proteid, so far as we know;, are the corpusch's and the hh)od- 
plates. The red corpuscles we may at oiu-e dismiss, for, al- 
though they contain a small amount of nucleo-pi'oteid, not onlv 
do they remain intact under ordinary circumstanci's during 
coagulation, but there is the strongest evidence, as has already 
been pointed out, that they do not make any essential contri- 
])ution to the process. AVe liave left over the leii(*ocvtes arid 
the platelets. The latter arc said and the former are known 
to yield nucleo-proteids when they are broken up in the labora- 
tory; and it is highly probable that from I)oth, but (‘sjK'cially 
from tile wdiite corpuscles, iiucleo-])roteid is liberal(*d in the 
first moments after blood is shed, and that tliis nucleo-]>roteid 
is ihm cJianffed into fibrin-ferment/* 

The relationship betw-een the cellular niicleo-jiroteids and 
fibrin which this quotation suggests finds itself sustained t)v 
llanvier,"^ who, alluding to the role of granules in tlie forma- 
tion of fibrin, sa)^s: “Free granulations, which we found in the 
blood besides the red and wdiite corjiuscles, are very numerous; 
they were termed ^elementary vesicles^ by Zimmerman n. In 
a ])reparation of human blood examined after rouleaux of red 
corpuscles have formed these granulations may easily be ob- 
served, tw^o varieties being distinguishable. The first an* sjiher- 
ical, small droplets of fat; the others are angular or vai-iable 
in shape, and appear at first as if they were fragments of white 
corpuscles, but differ from the latter in not being altei’cd by 
water. They are stained by iodine, but remain colorless in car- 
mine solutions. We will see that these are also the character- 
istics of fibrin.^^ After reviewing the phenomena that attend 
coagulation, and exposure by washing of the fibrinous net-work, 
he says: ^^When this preparation is examined and magnified 
four hundred to five 'hundred diameters, the fibrinous retic- 
ulum can be seen distinctly, and is disposed in a very interesting 


*" Stewart: Loc, cit. 
Ranvler: hoc, eit., 213. 
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inaiiner: From an angular granulation, from 11 to 10 in di- 
ameter, very tenuous fibrils start divergingly, then subdivide, 
to unite with other fibrils, in Drder to form a delicate net-work. 
The preparation is covered with these small net-works, each 
of which has its central granulation. . . . The granula- 

tions whicli serve as centers for each diminutive fibrinous retic- 
ulum have the same microchemical properties as the fibrils.’’ 

A normal deduction which seems to me to impose itself 
in this connection is that fibrin is to the blood what myosin 
is to the muscle-cells, i.e., a post-mortem product due to arrest 
of the oxidation process which during life is insured by the 
adrenoxidase — the supposed ^^fibrin-ferment.” In other words, 
it not only becomes probable that peptones, myosinogen, and 
fibrinogen are products of the same variety of leucocyte, the 
neutrophile, and therefore chemically similar when liberated from 
the latter, but also that fibrinogen subserves the same purpose in 
the blood that myosinogen does in muscle: i.e., it supplies it 
with its primary source of functional energy. 

True, the solubility of fibrin differs somewhat from that 
of myosin, but this is probably due not to a difference in the 
molecular structure of fibrinogen as against that of myosinogen, 
but to the infiuence of the medium in which the granules are 
dropped by tlie leucocyte. Indeed, the ashes of fibrin contain 
a larger proportion of calcium and magnesium phosphate than 
does myosinogen. 

Another conclusion which now seems warranted is that 
the neutrophile leucocytes are the agencies which take up proteids 
in the intestinal canal, and, after submitting them to a process in 
which vaiious physio-chemical bodies taken up by them in the 
portal and hepatic systems take part, distribute the products to 
every part of the organism, including the blood itself. 

Such being the case, the proteids, inclosed in their diminu- 
tive carriers, should not be found in the blood of the portal 
system. Foster writes, in this connection, after referring to the 
difficulties attending the experimental determination of the path 
taken by proteids; ^^Bearing this in mind, we may state that 
all observers are agreed that peptone is absent from chyle, or at 
least that its presence cannot be satisfactorily proved. On th^ 
other hand, while some observers have succeeded in findil% . 
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peptone in the portal blood after food, but not during fasting, 
many have failed to demonstrate the prcsciiee of ])e])tone in 
the blood either of the portal vein or of the vessels at large, 
even after a meal containing large qvantitic^^ of proteids/* 
Again: ^^If an artificial circulation of blood bo kept up in ilie 
mesenteric arteries supplying a loop of intestine removed from 
the body, the loop may be kept alive for some considerable time. 
During this survival a considerable quantity of peptone placed 
in the cavity of the loop will disappear: i.e., will be absorbetl, 
but cannot he recovered from the blood which is being used for 
the artificial circulation, and which escapes from tlie vtuns after 
traversing the intestinal capillaries. Tlic disappearance is not 
due to any action of the blood itself, for peptone introdu(*ed into 
the blood before it is driven through the mesenteric arteries in 
the experiment may be recovered from the blood as it escapes 
from the mesenteric veins. It would seem as if the peptone 
were changed before it actually gets from the interior of the 
intestine into the interior of the capillarit's.’’*'^ Viewed from 
my standpoint, the peptones are hidden in the neulrophile 
leucocytes which the follicles of the segment continue to produce. 
These cells, after migrating over the serum-bathed (and thus 
constantly asepticized) epithelial surface, and ingesting their 
burden, find their way into the villi* s venules and thence mto 
the mesenteric channels. 

If the foregoing analysis and the various deductions sub- 
mitted are sound, the neutrophile leucocytes must fulfill a role 
in the organism commensurate with their relative proportion 
in the blood-stream. Indeed, the following conclusion appears 
to me to have been sustained : — 

The neutrophile leucocytes, through the intermediary of 
their granules, the fj granulations of Ehrlich, supply ( 1 ) the 
blood and all tissues (excepting the nervous system) their 
nutritive elements: i.e., peptones; and (2) the mmcles and the 
blood, the compounds from which they obtain their mechanicai 
energy when exposed'' to the action of the adrenoxidase : i.e., 

myosinogen and fibrinogen. 

Ehrlich^s Eosinopiiile Leucocytes. — Metchnikoff does 
not grant Ehrlich^s eosinophiles phagocytic properties, these 


All italic* are mj own. 
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cells being unable to inglobe foreign bodies. Again, as empha- 
sized by Ehrlich, the granules of these cells are only stainable 
with acid dyes, the other varieties either taking only alkaline 
dyes or simultaneously, as does the neutropliile just reviewed, 
both acid and alkaline dyes, etc. This marked affinity for acids 
obviously gives the eosinophile an identity of its own, while 
its non-phagocytic runctions as clearly separate it from the 
finely granular cell just reviewed, which is essentially phago- 
cytic. Ehrlicli’s eosinophile is usually considered under the 
heading of ^‘^coarsely granular oxyphile cell.^’ 

These cells only represent from 2 to 4 per cent, of all the 
leiU‘ocytes in the blood-stream, but this proportion is rapidly 
increased during disease. Kanthack and Hardy, in the article 
previously quoted, describe them as follows : ‘^The coarsely 
granular oxyphile cell, or eosinophile cell, varies in size in dif- 
ferent animals, not only absolutely, but relatively to the dimen- 
sions of the other classes of cells. In man it is larger than 
either the hyaline cell, the finely granular oxyphile cell or the 
finely granular basophile cell. Jn the rat, rabbit, and guinea- 
pig, on the other hand, it is smaller than the largest hyaline 
cells, but larger than the finely granular oxyphile and basophile 
cells. 

^^The nucleus is typically an elongated body bent to form 
a horseshoe. In the rat the arms of the horseshoe are carried 
so far round tliat in film preparations the ends often overlap, 
giving to the nucleus the appearance of a circle with a large 
liole in the center. Sometimes the nucleus is lobed; but we 
are inclined to regard this appearance as being largely due to 
the stresses to which the nucleus is subjected when the cell is 
dying. In the living cell at rest, when it is spherical, the shape 
of the nucleus, so far as it can be determined by the disposition 
of the cell -granules, is a simple horseshoe or crescent. A dis- 
tinct nuclear net-work is present. 

''Cell-granules , — The cell-granules are relatively large^ 
spherical, or slightly ovoid bodies, and are sharply marked off 
from the cell-substance by their very high refractive index, whi<^ 
is so great that in fluid preparations the granules have a brilliant, 
greenish luster,^*^ The cell-substance in which they are to-" 

All italics other than those of the side headings are my own. 
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bedded lias the appearance of a dear, transparent, structureless 
jelly. The intensity of the oxyphile reaction of these ‘granules 
differs in different animals, but is always hi<i:h. Thus, it is very 
high in the case of the granules of man, these staining with 
eosin dissolved in 05 per cent, alcohol. . . . The granules 
also stain with weak acid dyes, such as Orange d. haunatoNylin, 
and sodium sulphindigotate. Khrlich-Biondi's mixiure (wasluMl 
out with 05 per cent, spirit) colors these bodies ])ro\\’n-purj)](‘, 
and the "neutral’ mixture (washed out wilh wahu-) stains them 
a very intense purple. Corrosive sublimate inerc'ases the oxy- 
phile reaction, as does also heat when applied to tlu' dried 
film.” 

Gulland found Jleidenhain's iron-hmmatoxylin extremely 
valuable to counteract "‘the bright refraedion of the granules” 
which "‘blinds the eye to the presence' e)f the' thre'ads” (my 
e:?analiculi). The granule's are stained opaepiely in shade's of 
black and gray. He was thus able to ase'ertain that the gran- 
ules varied greatly as to size, the smalle*st granule's lying edose 
te) tlie astrospheu’e and the larger at the peri|)he‘ry, the arrange- 
ment pointed out by Heieleidiain and sliown in Figs. 10, \2, and 
IG of Gulland’s plate. In the newt’s blood, as alreaely state'el, 
""these cells are marke'elly ameeboid, and have the habit of 
throwing out circular pseudopodia, which are often (:onnecteel 
to the main part of the cell only by a ve*ry dedicate thre^ad.” 
Gulland illustrates this fe^ature in Figs. 5 anel G of his ])late‘, 
and states that ‘"it is evident that the threads are often broken 
through and the s|)herical portion of the cell-l)ody set freM?, as 
the blood contains a large number of theun.” Jle also refers 
to the fact that, ""when the eosinophile C'clls are found degeui- 
erated in blood or pus examined in tlie fresh state, tJic granules 
are always in the Brownian movement.” 

In the study of the granules of neutrophile cells I re- 
ferred to the chemical analysis of Milroy and Malcolm and to 
various points of dissimilarity between these cells and the 
coarse oxyphiles now in question. Considered from the stand- 
point of the latter, these investigations showed that, while 
neither alcohol nor ether, nor both of these agents used suc- 
cessively, produced alterations in either variety, the failure of 
the latter process excluded the possibility of their consisting of 
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fat or lecithin. Weak alkaline solutions at about 120° C. caused 
(a feature referred to by the authors as striking) the removal 
of practically all the granules of the finely granular cells (the 
neutrophiles), and ^^persistence of two structures, the nuclei 
and the coarse oxyphile granules.” Acetic acid in alcoholic 
solution and oxalic acid caused partial removal of both gran- 
ules, but ^^sodium ethylate in alcoholic solution removed the 
fine oxyphile granules almost completely and only affected the 
coarse ones to a slight extent.” 

The authors, while concluding that the granules might also 
be nuclco-proteid in nature, i.e., similar to those of the neutro- 
phile cells, account for the discrepancies in the results of their 
analyses by the following argument: ^^The fact that weak acid 
solutions dissolve both types of granules at least partially is 
not against tlie view that they are nuclco-proteid in nature, 
because these bodies are more easily soluble in weak acid solu- 
tions than almost any other complex proteid. The fact that 
some granules are undissolved, while others are removed, is 
probably due to the fact that the former have undergone coagu- 
lation, while the latter have been rapidly fixed, although it may 
be also due to the nature of the salts which are combined with 
the proteid.” 

Still, the very high refractive index to which Ivanthack 
and Hardy and Gulland refer is not characteristic of the neu- 
trophile granules, and this seems to me to testify against an 
absolute functional similarity between them and the granules 
of the cosinophiles. Indeed, with the plasma as excipient for 
the adrenoxidasc, we can as readily account for the presence of 
the ^^brilliant, greenish luster^^ witnessed by the above authors 
as we can for the phosphorescence of the photogenic organs of 
lightning-bugs : i.e., by the simultaneous presence of phosphorus 
and oxygen. This seems to me to indicate that we are dealing 
with a nucleo-proteid body, as Milroy and Malcolm contend, but 
with one richer in phosphorus than that forming the neutrophile 
granules. 

What are the functions of the eosinophile leucocytes in the 
organism? The high percentage of phosphorus in their gran- 
ules suggests the possibility of their being lecithin carrierB|; 
but we have seen that the investigations of Milroy and ; 
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colm clearly show that this organic body is absent. L. F. 
Barker/® of Baltimore, noted the presence of iron in tlie gran- 
nies of the eosinophile leucocytes, — a point wliicli lie thinks 
may be of some value in determining tlie significance of the 
leucocytic granulations, — but we cannot consider them as the 
cells intrusted with transportation of iron from the intestine, 
for they are not phagocytic. Indeed, it has now become evi- 
dent that the neutrophiles are intrusted with tliis function, for 
Macallum used albuminate of iron. The int(‘stinal leucocytes 
of his previously starved animals evidently took this substance 
up as they would the proteids of their usual food. Barker’s 
observation, however, adds another link to the cliain of evi- 
dence which unites the eosinophiles to the neutrophiles, for, 
in addition to being both nucleo-proteid caiTi(*rs, they now 
become also iron carriers. By tracing the itinerary of this iron 
we may, therefore, obtain a clue to the true identity of its 
cellular host. 

The phagocytes seen by Macallum to ingest the albuminate 
of iron being assimilated to those charged at all time's with 
the duty of selecting proteids from the intestinal foodstuffs, it 
becomes a question as to where they can part with their iron 
in order to facilitate its absorption into the bmmoglobin mole- 
cule, of which, as is well known, it forms an imj>ortant con- 
stituent. From the intestine the iron is carried to the ]X)rtal 
system, thence into the hepatic lobule. It must I)e here that 
the phagocytic leucocytes must take part in some process re- 
lated to the elaboration of haemoglobin, for we have s(?en on 
page 335 that in the spleen the leucocytes are formed in situ, 
pass out into the pulp-channels, take up the iron-pigment 
(probably that of disorganized red corpuscles), and carry it to 
the liver. Again, and for reasons which are there given, I 
was led to conclude (page 339) that bilirubin and iron were 
used to build up the haemoglobin in the lobular (hepatic) capil- 
laries. The liver, therefore, seems to receive iron from both 
directions — intestine and spleen — a normal mechanism when 
we consider that the liver’s blood passes almost directly to the 
heart, and thence to the lungs. 

^ L. P. Barker: Johni Hopkins Hospital Bulletin, Oct., 1894. 
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How do the eosinophile (non-phagocytic) leucocytes ac- 
quire their iron? We can hardly imagine that when tlie splenic 
or intestinal leucocytes reach the hepatic lobule their contents 
or any part thereof is disgorged to enable another cell to ap- 
propriate it. Indeed, there is not the slightest evidence that 
such a process occurs, although the eosinophile has already 
been shown to contain not only iron, but also the other main 
constituents of the neutrophile cell. There exists a physiolog- 
ical process, however, through which the eosinophile can ac- 
quire all the attributes of the latter: i.e., by mitosis, a mode 
of cell-multiplication known to apply to leucocytes and par- 
ticularly to neutrophiles. Gulland refers to this feature in the 
following lines: ^‘The cells which one sees dividing or about 
to divide have generally the appearance of medium-sized hy- 
aline cells, with a relatively large, rounded nucleus and a com- 
paratively small cell-body, in which the mitoma is not easily 
made out. But there is no doubt that cells with horseshoe- 
shaped nuclei [the eosinophiles] divide, and that the nuclei 
may even advance as far as the spirem stage without altering 
their shape. Cells with more markedly polymorphous nuclei, 
as, for instance, the ordinary oxyphile cells, certainly divide also, 
but they seem generally to go through a preliminary resting 
stage ill which the polymorphous nucleus returns to the rounded 
form.^^ 

In Gulland’s plate. Figs. 3 and G, which refer to eosino- 
philes from newt’s blood, graphically portray a secondary process 
through which these cells can subdivide, or rather yield a por- 
tion of their substance. In 3, a spherical pseudopod is in the 
act of being formed; in G, three similar masses appear, the 
lowest of which is on the point of being separated by the 
mother-cell. Eeferring to the bridges that connect net-works 
of granules with basophile leucocytes, Gulland remarks: 
have little doubt that when that stage is reached [he associates 
the phenomenon with a supposed process of degeneration] these 
bridges are torn across and the granules are actually left be- 
hind. This forms an exact parallel to what happens in the 
eosinophiles of the newt’s blood.” • 

It thus becomes evident that recognized cytological phe- 
nomena sustain the conclusion that neutrophile leucocytes 
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the parent-cells of eosinopliile leucocytes, and tliat eosinophUes 
can part with segments of their cells iihstanee. 

But does the process of nentropliilic mitosis nttuallv occur 
in the liver? M. Duval,’^ in his study of the luematopoietic 
functions of this organ, refers to tlie pro})()rti()ii of the red to 
the white corpuscles in the blood of tlie ])ortal vein ns com- 
pared to that in the hepatic vein, and writes: “llesearches mi 
tliis connection give as result: 1 white corjuiselc to 'idO red in 
the portal vein, and 1 white corpuscle to ITO red in the snh- 
hcpatic veins. This ditference can only be due to a prodiudion 
of wdiite corpuscles in the liver or to a destruction of red cor- 
puscles.” That red-cor])usc]e d(‘strnction is a function of the 
spleen is sustained by the preseiU'C ‘Vin the splcen-|)ulp,'’ using 
Foster’s words, of red corpuscles ^‘in various stages of disor- 
ganization, some of them lying within th(‘ siibslanci* of large 
colorless cor[)Uscles, and, as it wei*e, being t‘at(‘n by tluMii.” 
The presence of blood-ihgments in the liver has been tliought 
to indicate that red corjiuscles were desiroyed in tliis organ; 
we have seen, on the contrary, that it is the seat of a recon- 
structive process of which laemoglobin is the product, ^rhough 
the liver may be a seat of destruction for red-cell fragments, 
the likelihood that any entire cor])uscle leaves the caiiillaries 
of the liepatic lobules to penetrate the cells is so rcmiote that 
it can be left out of question. On the otlier hand, we have siicn 
that these capillaries are the seat of the more important pnut- 
esses connected with the lilood. It seems probal)le, tliereforc?, 
that the liver, owing in part to the inordinate temperature 
of its lobular channels (10()° F. ; -ll.b® (^), is also the seat of 
the mitotic process. 

^^At a certain period,” write Biilim, Davidotf, and Huber/*'* 
'The embryonic blood consists principally of nucleated red (lells, 
wdiich proliferate in the circulation by indiretT division. The 
colorless blood-cells, the development of which is not yet fully 
understood, appear later. It is possible that they also are ele- 
ments of the blood-islands, which do not contain any hajmo- 
globin. In a later period of embryonic life the liver becomes a 
blood-forming organ. Recent investigations have shown, how- 

M. Duval: “Cours de Physiologies* p. 200. 

^ Bdhm, Davldoff, and Huber: Luc, clL, p. 168. 
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ever, that it does not take a direct part in the formation of 
the blood, but only serves as an area in which the Hood-corpus- 
ctes proliferate during their slow passage through its vessels. 
The blind, sac-like endings of the venous capillaries seem to be 
particularly adapted for this purpose, as in them the blood- 
current stagnates, and it is here that the greater number of 
blood-cells reveal mitotic figures. The newly formed elements 
are finally swept away by the blood-stream and enter the gen- 
eral circulation.” 

Gulland likewise states that the eosinophile cell is derived 
from the ^^finely granular acidophile” (the neutrophile), and 
the latter is itself traced back to the lymphocyte. ^^The transi- 
tion-forms between the finely granular and the coarsely gran- 
ular acidophile cells are seen much more frequently in the 
bone-marrow than in tlie blood,” says this investigator, ^^and 
it seems certain that both from this source and from mitotic 
division the main source of the eosinophile cells is in the bone- 
marrow.” That there is ample margin for my view that mitosis 
may occur in the liver is also suggested by the following addi- 
tional lines: ^^They must arise elsewhere, however, in abun- 
dance,'^^ for Schaffer^^ and have shown that they are present 
in the tliymus and in lymphatic glands before either bone or 
bone-marrow is properly formed at all, and EngeP® has seen 
them in the chick^s blood on the fifth day of incubation. In 
the transition-forms (see Figs. 2, 8, 11) there is little in the 
general shape of the cell and nucleus to distinguish them from 
the preceding stage.” All the evidence tends to show, there- 
fore, that the process of mitosis, through which eosinophile leuco- 
cytes are formed from neutrophile leucocytes, is carried on in the 
capillaries of the hepaticn lobules, though it can also occur else- 
where in the organism, 

I have referred to the direct path which leucocytes ' can 
follow from the liver to the heart and thence to the lungs. If 
eosinophiles are formed in the liver, therefore, the lungs should 
show indications of the presence of these leucocytes. Proof that 
such is actually the case is obtainable with the aid of pathol* 

The italics are my own. 

Schaffer: Centralbl. fttr die med. Wissen., 1891. 

Gulland: Journal of Path, and Bacteriol., 1894. 

^ Engel: Archiv f. mikr. Anat., vol. Ixlv, 1894. . 
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ogy : I.C., ilie significant fact that in several pulmonary diseases 
eosinophile cells are to be found in tlie sputum. Teielimi'iller/" 
for instance, has not only found this to he (he easr in pulmo- 
nary^tuberculosis, but considers an increase of these cells favor- 
able from the standpoint of prognosis. In asthma, though a 
non-ulcerative process is present, eosino])hiIes are to be foumU 
in abundance in the sputum, and (lorasch’^ states that they are 
connected with the formation of tlie (1iarcot-L(‘y<l(Mi crystals. 
].enhart/."'‘ stales that ‘‘it is not improbable that the majority 
of cells designated as ^alveolar epithelia’ are variously altered 
forms of leucocytes. Tlw protoplasm very frc^qiamtly shows 
fine or voarndy (jranuJar fatty nudamorphosis, which is charac- 
terized by the stronf/Jjj rrfraclirc ifidr.rd 

The irregularity of the granules, and the manner in which 
they form tibrin, as dtscrihed by Ibnivii-r, and tiu' p(‘culiar 
color of the granules are rei'alled by the following description 
of the Charcot- Leyden crystals by Lenhartz: "‘^riie Cliarc'ot- 
Leyden crystals are delicate*, very sharply pointed octah(‘dni 
which occur in very variable size. TIuw present a soimdimes 
water-clc^ar, transparemt, sometimes a slightly yellowish-grec*!!, 
Ithinc-winc color; they occur either isolated or in dense' c‘ol- 
lections whicdi here and there are juiiibli'd togc'thc'r, or in 
uniform rows, following the muc'ons shrcMls.'’ ^Phe same author 
also says: “Idie crystals were first found in the sj)utum by 
Fric'dreich in croupous broncliitis. On the* other hand, l^c'ydi'n 
has drawn attention to their freejuent occ'urrence in asthmatic 
expectoration.” 

The association with various pulmonary disc'asc^s obviously 
suggests that tlieir presence is patliological, whc*rcas we con- 
sider their presence in the lung as normal, and their (diniinnlwn 
in their recognizable form as an accompaniment of the morbid 
state. That such is the case is sliown by tln^ facd c'mphasized 
by Ijcnhartz that: “The longer the asthmatic subjc'ct is free 
from paroxysms, — that is, the more time alh)wed for the forma- 
tion of the crystals,— the more densely the sjiirals are studded 
with these crystals.” 

■^Tfilohmailer: ^enhartz’s “Manual cf Clinical Microscopy,** translation 
by H. T. Brooks. 1902. 

‘^"Gollasch: Portschrltte der Med., voL 1889. 

Lenbartz : Loc. cit. 
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I 

While ail these facts sustain my opinion that the lungs 
show ample evidence of the presence in them of eosinophile 
cells and of their granules, their identity as offsprings of 
the neutropliiles should be demonstrable here, as elsewhere, 
through their chemical properties. Indeed, their identity as 
daughter-cells of neutropliile leucocytes does not disappear 
even in the lungs, for both acids and alkalies can dissolve them, 
while the test common to both neutropliile and eosinophile 
granules, i.c., insolubility in alcohol, is also applicable here. 
Leiihartz not only confirms this assertion by saying, in refer- 
ence to the crystals: ‘^"rhey are readily dissolved in warm 
water, acids, and alkalies, but are insoluhlv^^ in alcohoF’; but 
we also, it seems to me, can (*onsider, as (jonfirmation of my 
interpretation of the identity of the granules from which the 
crystals were derived, his statement that: '^Tixation of the air- 
dried preparation for one hour in absolute alcohol and subse- 
quent staining with Chenzinsky^s eo^m-methylene-blue solution 
also gives very good results.^^ 

All these facts further confirm the origin of the eosino- 
phile leucocytes from the liver, for there is no other path that 
would have brought them to the lungs. They a'so seem to me 
to indicate that, after their formation hy mitosis in the liver, 
eosinophile leucocytes are carried to the pulmonary lobules. 

This question has already engaged the attention of pathol- 
ogists, including Virchow, Wagner, and Cohnlieirn. Lenhartz^e 
view is fully sustained by my own invcvstigations, however, 
when he says: ^^It is not improbable that the majority. of the 
cells designated as ^alveolar epithelia^ are variously altered 
forms of leucocytes. The protoplasm very frequently shows 
fine or coarsely granular fatty metamorphosis, and is charac- 
terized by the strongly refractive^ index.^* Again, while Len- 
hartz expresses his belief that the positive identification of 
the ^^alveolar epithelia^^ is ^^extremely difficult,” he states that 
he understands thereby ^^the large oval or round polygonal 
cells, three to six times as large as a white blood-corpuscle, 
which are found in almost every sputum. The usually large 
cell-body is coarsely granular, and contains one or several 
vesicle-like nuclei.” The true identity of epithelium of the 


*0 These italics are Dr. Lenhartz'a. 
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alveoli and, therefore, of the lobule of whicli tliey form ])art 
now seems clear, if interpreted in the light of the data 1 have 
submitted: The cells to which Lenhartz refers, t\c., the lobular 
epithelial cells, are aggregates of the pohjuu(iear ncuirophiles 
and of the daughier-cells of the latter, the eoslnophllrs. 

We have seen that the neutroj)hil(‘s start from llio intes- 
tinal canal; tliat Maealluin and L. F. Ibirker found leueoevt(‘s 
gorged with iron in this region, and, tinaily, iliat some bilirubin 
at least is recovered from the intestiiu' — obviously, now, by l(*u- 
eoeytes. We have traced the latter froju the intestinal canal, 
through the portal system, liver, hepatic veins, lu'art, tluaiee 
to the alveoli. After giving the formula of laemoglobin, Fostiu’ 
writes: “It will thus be seen that hiemoglohin e<miains, in 
addition to the other elements usually ])res(‘nt in proteid 
substances, a certain amount of inut, that is to say, the 
element iron is a distimd. part of the laemoglohin inoIecid(‘, a 
fact which of itself renders ha'mogl(»l>in r(*markable among the 
chemical substan(*es prescuit in the animal body.” Kanthack 
and Hardy noted, as previously Hated, that “in fluid pn‘para- 
tions the granules have a brilliant, greenish liisler" — a charac- 
teristic of fine haunoglobin crystals. Ilamioglobin is naidily 
soluble in blood-serum, as are the granules, w(i have seen. 
Ether coagulates luemoglobin ; it (caused, in Milroy and Mal- 
eolm^s experiments, the granules to lose a part of their re- 
fractive ])ower, even when boiling ether was used. The ])roti‘id 
constituents of the granules of the neutrophiles, myosinogen 
and fibrinogen, belong to the globulin group. 

This recalls my statement in tlie first edition of this work 
(p. 441), in respect to the manner in whicli the lieart-inuscle 
was nourished : “Paradoxical as the statement may seem, I 
was led to conclude that the minute granules referred to on page 
4ibV’’ — a general outline of the prevailing views com^erning the 
histology of the myocardium, in which the minute pigment- 
granules, easily seen therein microscopically, are mentioned — 
^^were actually supplied to the heart through the intermediary 
of leucocytes. These cells were found to migrate from tlie liver 
(also through the hepatic veins) to the inferior vena cava, where 


Milroy and Malcolm; Loc. ctf., p. 112. 
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they meet the adrenal secretion and j^roceed with it to the right 
ventricle.'’ 

We can now understand Iioav the granules of the neutro- 
philes are supplied to the iiuiscle- fibers by quoting another of 
my statements (see ])age 434) concerning tlie distribution of 
duids in the dntimate structure of the heart: ‘^Fluids can 
penetrate through the maze of cellular tissue to the bare 
muscular fibers; the sheaths that include the columns or 
(‘liains of muscular bundles afford a peculiar system of (‘anal- 
ization throiigli wliicli the liquids can easily gain access to them. 
Thii canals — the lacuna? of Henle — are the intervals hciween 
the columns of secondary bundles, or their sheaths, rather, 
wliich are phu'cd in longitudinal apposition. Schweigger-Seidel 
and Ranviei* having observed that interstitial injecdions of col- 
ored substaiu'cs p(‘neirati‘d the lymphalic vessels, the lacuna} 
have been considered as adjuncts, or extensions, of the latter.^^ 
In this sense, therefore, the 44iebesian channels are adjuncts of 
the lymphatic system, for it is through their intermediary that 
the lacuna} of Henle are sn|)p’ied Avith myosinogen granules and 
— a feature I wish to emphasize — their nutritional peptones 
and tiieir fibrinogen. All of these jointly supply the heart with 
its working energy, when acted upon by the adrenoxidase of the 
hlood-strearn, and, as is the case with all the organs previously 
rtwiewed, by the thyroiodase also contained in the red corpuscles. 

The bulk of the venous blood which e}ntors the heart is 
sent, we liave seen, along with its adrenal secretion and its leu- 
cocytes — m^utrophile and eosinophile — to the lungs, Virchow, 
Friedreich, T.eyden, Cohnheim, Wagner, T.enhartz, and other 
investigators having found them in tlie sputum, and histology 
having demonstrated tlieir presence in the alveoli. Again, the 
path for these leucocytes from the intestine to the true respira- 
tory areas of tlie lungs is comparatively direct: features which 
distinctly suggest that the protective functions in the respira- 
tory trac't resemble those in the intestinal canal, as regards the 
(Hisinophilic granules and the phagocytic functions of the neu- 
trophiles, both kinds of cells being present, as we have seen. 
Of course, the intestinal lymph-follicles being the source of 
these cells, another arrangement prevails in the pulmonary 
lobules: ix\, that to which we referred on page 713, to the efE^ 
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that the lobular epitheliniu per so is an a<j:giv^iti‘ of lUMitro- 
jihiles and eosiiio})hiles. 

We can readily understand, now, why the eosiiiojdiiles d(’- 
plete themselves of their granules in the alveoli: i.c., to dis- 
solve them in the. plasma prior to their absorption by tlu* vvi\ 
corpuscles. Indeed, the reticular structure of red ('orpnsc-les. 
‘Hhe same as tliat of colorless blood-corpiisi'les/'''- obst'rvi'd 
by Louis Llslan-g in 1871), seems to me to |»resent all tin' l\‘a- 
tures that hav(v led me to consider as cimalicnli llu‘ tlireads Unit 
constitute this reticulum in the latter cells, "^rhat the ri*(l- 
c'orpuscle “granulations,’^ “plateleis,” or “Iiaanatolilasts" dc'- 
j'ived from thcmi are nu‘re droplets of ad rcaioxidase jioiircwl out 
through these cainalicnli is shown by the fact that the charac- 
teristic afhnity (requiring oxvgcm and alkaline salts, ac-cording 
to Klirlich) for nudhyliau'-bluc* again apju'ars: i.v., as maniIVsied 
by the dc‘ep-blue stain which avc found in other st riictnn^s, the 
axis-cylinder, neuroglia, etc., and in thc^ leuco('yt(.‘s tluansi'lvc's. 
This fact was also notc'd by Litten.'''^ Tliat the droplets jiass 
out tlirough centrifugal chanm^ls in tlu', cell, and that tlu‘ 
hitter presents the general mechanical characteristics of leiu*o- 
('ytes, is also suggestcal by thi‘ rc‘search(‘s of 1 1 irschfehl,^'’ who 
observial that the “blood-])Iat(‘s’' ar(‘ lirst seen as I'ircniar disks 
occaipying the center of the (*ell, tlu*n move very slowly towarjl 
the periphery, and linally drop out of the* I'cll through a minute 
aperture, whicli c^loses up again. As tlie “plat(‘" leavi*s the cell 
the external portion gradually inc-reases in size and is coniiectc<i 
with the rest by a thread. Several of these may li*ave the* c(*ll 
together from different ])arts of the* |)(;ri|)liery. He also found 
them to stain with methylcne-hlue and haunatoxylin. It is 
evident that we have in the red corpuscle a diminutive nucleated 
sponge capable of absorbing haunoglobin from the siu'um of the 
pulmonary alveoli and of dealing it out in the blood-stream as 
needed by the tissues. 

'^riiis feature and the functions of the leucocytes just 
described introduce comp^emental factors in the respirafory 
process as 1 interpreted it in the second chapter. It now seems 

M. 1 j . Holbrook; “ProocedlnRs of tho AmcrUan Microsfoplcal Society, " 
vol. 1894. 

'^■‘Lltten: Deutsche med. Woch»nischrift, Nov. 2. 1899, 

** Hlrschfeld: Virchow’s Archiv, vol. F^vi, 1901. 
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to me that the whole process is summarized in the following 
conclusions: — 

1. The true respiratory areas in the pulmonary lobules are 
composed of the alveolar endothelial plates (the non~nucleated 
epithelium) and groups of eosinophil c leucocytes (the nucleated 
epithelium) interposed between the former. 

2, The eosinophile cells are the bodies in which hwmoglobin 
is formed from the proleids, biiirubin, and iron absorbed by 
their parent-cells, the neutrophiles, in the iniestinal canal. 

S. When the eosinophile leucocytes reach the alveoli from, 
the liver via the heart they assume an orderly arrangement and 
alter their shape, so as to form the alveolar epithelium. 

Jf. The eosinophile leucocytes supply the adjacent plasm^a 
with their hcemaiin, and the latter is absorbed by the underlying 
red corpuscles along with the oxygenized secretion (adrenoxi- 
dase) to form hmmoglobin. 

5. Leucocytogenesis being governed by the adrenal system, 
the main factors of the above respiratory process, the production 
of eosinophile cells and of adrenal secretion, are thus dependent 
upon the functional integrity of this system. 

G. The neutrophile leucocytes which accompany the eosino- 
philes migrate from the capillaries of the pulmonary artery to 
the perialveolar lymphatics, and supply the interlobular struc- 
tures tvith their nutritional and funciio7ial elements: i.e., pep- 
tones, myosinogen, and fibrinogen. 

7. During certain diseases neutrophile and basophil e leuco- 
cytes may also penetrate into the alveoli and be found in the 
sputum. 

The Basoptiile Leucocytes. — ^These cells show the di- 
vision into two groups, ^^finely granular’ and ‘^coarsely gran- 
ular,” which characterizes tliose just reviewed. They seem to 
differ from the latter in every other way, however, for, while 
these are amoeboid, basopliiles are not considered so by most 
histologists. Gulland — rightly, in my opinion — contends that 
they are, the variations of shape that they show and the man- 
ner in which they are scattered throughout the body beihg 
adduced as main reasons. The nucleus is round, oval, or kid- 
ney-like; is less clearly differentiated from the cell-substanc^ 



THE BASOPHILES AS MYELIN BUILDERS. 


()S1 


and stains with much greater diflieiilty than that of tlu* neu- 
trophile. 

As regards their distribution, Klirlieli and Ihinvier found 
them in the peritoneal, pleural, and ])eric*ardial cavities, and 
also in the connective tissue, but, as emphasized by Kantiiack 
and Hardy, the cells in the connective tissue diifer somewhat 
in shape and size from those in the three cavities mentioued. 
The latter investigators also found the coarsely granular baso- 
philes “exceedingly numerous in connective-tissue spaces, where 
they form sometimes an almost complete sheath for the lymph- 
( apillarics.” Their distribution fiirthermon' resembles that of 
ihe eosinophiles in the fact that they are relatively very scarce 
in the blood. 

The chemical characteristics of the bas()|)hile granules is 
suggested by a curious phenomenon which is es}>e(‘ially iiotice- 
al)]e in animals, and to which Kanthack and Hardy rider in the 
following words: “The unstable, or e.rp/osivr, mturo of the 
coarsely granular basophile colls in certain animals is one of 
their most remarkable characters. In tin* rat and mouse per- 
fect i)reparations of these cells may vmy (‘asily made, but 
in the guinea-pig and rUbbit they can he pn^served only with 
the most rapid fixation by heat or absolut<‘ alcohol. In tlu^se 
animals the mere exposure of the codomic fluid to the air, or 
to contact with a cover-slip for a few seconds, is suflicient to 
cause their complete disappearance. Cells characterized by 
great instability have been described elsewhere in astacus*"^' as 
the ^^xplosive’ cell of that animal, and the basophile cells of 
the guinea-pig and rabbit might, with equal justice, be desig- 
nated tlic explosive cells of those animals.’’ A familiar histo- 
logical fact will suggest the relationship hetween such a <'ell 
and adrenoxidase. Bcrdal,®® quoting Itanvier, says: “The 
action of oxygen or of the air may be observed in an extremely 
simple way: A lymph preparation which has served for the 
examination of amoeboid movements is carefully surrounded with 
paraffin and set aside for thirty-six hours. Tf, at the end of 
that time, the lymphatic cells ara examined, all will be seen 
to have rcassumed the spherical form and to no longer project 

* Hardy: Journal of Phyalology, Nos. 1 and 2, vol. xlll. 

“Berdal: Loc. ci#., p. 27^ 
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pscudopodia. Ivemoval of tlic paraffin and raising of tlie disk 
so as to admit a small quantity of air will suffice to cause the 
ammboid motion to recur/’ The explosive nature of the 
coarsely granular basophile cell can only be due to the one 
cause: the presence of large proportion of phosphorus, both in 
its nuclein and granules. 

In their paper upon the free granules derived from leuco- 
cytes Stokes and Wegefarth review the investigations of II. F. 
Muller, of Notlinagel’s clinic.”^ This observer found tliem both 
in diseased and normal blood, and describes them as ^ffiighly 
refractive, round, or dumb-bell shaped bodies wliich sliow a 
dancing, molecular movement, but no independent motion/’ 
When mounted in 1 per cent, osniic acid “the reat;tion for fat 
does not occur,” nor can they be dissolved by acetic acid or 
ether. An imj)ortant feature in connection with our inquiry is 
that Muller is recorded as stating that “lie does not consider 
them as Ehrlich’s neutrophilic granules escaped from leuco- 
cytes,” and that “tlic neutrophilic granules are dissolved by 
dilute acetic acid, while the bodies which he has studied are not 
dissolved by this acid.” This is in perfect accord with the 
chemical analyses of Milroy and Malcolin, who found that acids 
dissolved eosinophile granules, and with the observations of 
Lenhartz in resjiect to those found in sputum. Stokes and 
Wegefarth further emphasize the dissimilarity of basophiles 
from acidophiles in general, as view(‘d from my standpoint, 
when they say, doubtless referring to itanvier’s interpretation 
of the purpose of llie granules of white globules: “They are 
not concerned in the formation of fibrin, since tliey remain out- 
side of the fibrinous net-work or are only accidentally attached 
to it.” We thus have evidence to the effect that basophiles are 
different from neutropliiles, both chemically and functionally. 

What is tile nature of these granules? Muller is stated to 
disbelieve “.that they are true particles of fat, since they do not 
give a reaction with osmic acid,” while he is credited with the 
opinion “that they may be bodies resembling fat, but which 
fail to show the osmic acid, stain.” Indeed, the persistence 
with which this characteristic appearance is noted by investi- 

H. F. Milller; Centralbl. fiir allg. Path. u. path, Anat., vol. vlll, 
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gators is iiotovvortliy. Thus, K()Ilikc‘r,'“' IJain ic'r,"'* Hizzororo;*'' 
von Lunbt‘ek/‘ and Hayein'*- are ndeia’ed to by vStokes atul 
Wegefarth as Imving also observed bodies resembling fat-gran- 
ules in the blood of normal human beings, those of the last- 
named investigator and others described by SehienVvrdeeker and 
Kosser*’" also as fat-granules being thought by Miiller to 
identical to those observed by him. Tliat ll;ev are as 

thought by Miiller, but not fat, seems clear. 

Miiller, wo liavc^ seen, refers (as do otlan* inv(‘stigators) to 
the fact tliat these granules are “higlily refract iv(‘." As this 
sign also attends eosijio|)liilie grannies, it would apjn'ar t(j havi' 
but little differential value: such is not tiu* easi*, however, 
when this j)ro|V'‘rty is jointly consider(‘d with the osmie a(*id 
reaction, for we have here the Uro umin dishnrtivr si(jn< of 
inyelin. “It is extremely refringent," writes Ih'rda!, nderring 
to tlie lntt(*r; and he also alludes to the familiar fact that 
“myelin treated with osmie acid" stains black. 

Still, if the granule's are composed of my(*lin, tin* active 
constituent of the lattei', kaa’thin, slionld hi' prc'scmt, since wo 
found this body not only in the myelin of nerves, but also in 
that of the neuron and the interior of tin* dendrites. 1Miat 
some gTaniiles do contain this bodv is (*vident, inasmuch as 
Foster, in his review of the physiological cln'mistry ol whit(i 
corpuscles, writes: “N(‘xt in im])ortance to tin* proteids as con- 
stant constituents of the white cells come e(M'tain fats. .Among 
these the most conspicuous is tlie comph'x fatty body, Ircilhin/* 
As we now know that the nuclei of all Icmcoeytes are similar in 
composition, this can only apply to their grannh's. 

This involves the necessity of differentiating betwc'cn the 
two kinds of granules present, the acidophiles (nentro|>hil('s and 
eosinophiles) and basophiles. Foster points to this distinction, 
it seems to me, when lie says: “next in irnfioi’tance to tin' 
proteids,-^ etc. The basophilic granules are evidcmtly not 
composed of niicleo-proteids ; a fact which eliminates tiie acido- 
phile cells and their granules. Indeed, we have confirmatory 


*«K611lker: “Handbueh der Gewebelehre des Mens«hr»n. 1S67. 

«** Ranvier: “Traits Technique d'Hiatologie,” 18^5. 

Bizzororo: “Handbueh der klin. Med.," 1887. . . aintrta ” iM6 

Von LUnbeck: • “Grundrlsfl einer klinlschen Pathologie dcB Blutcs, 1896. 
®^Hayem: “Du sang et de sea alterations anatom quos. 1889. 
Scbleflerdecker and Kossel; Gewebelehre, Bd. xl, 1891. 
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evidence that it is not tlie latter which contain lecitJiin in the- 
following allusion to both kinds of aeidophile granules by 
Milroy and Malcolm : “The fact that neither alcohol nor ether 
dissolves the granules excludes the possibility that they consist 
of fat or lecithin.^^ 

How do basopliile cells acquire their lecithin-building con- 
stituents? As is well knowm^ emulsified fats also penetrate tlic 
intestinal villi, but, instead of entering as do nucleo-proteids 
into the venules, tliey enter the lymphatic circulation directly, 
by way of the lacteals. Are they absorbed by the villi, and then 
by the lacteals, or are they also taken up by leucocytes and 
carried into the latter? Inasmuch as the lympli C'ontained in 
the lympliatic vessels is itself crowded with leucocytes similar 
to some of those found in the blood-stream, w^e must first ascer- 
tain whether these leucoc^ytes in any way leave the lymphatic 
circulation in the intestine as they evidently do when the 
lymph-ducts open into the general venous system at the junc- 
tion of tlie internal jugular and the subclavian veins on both 
sides. 

It may prove useful, however, to recall from the start that • 
the so-called “chyme^’ and ^‘chyle’^ represent the same liquid, 
i.e., the lymph, and that these terms were suggested by a tem- 
porary quaniitative difference in the constituents of the lympli 
in the mesenteric lymphatics, which are greatly increased dur- 
ing the process of absorption. Again, it may also be well to 
refer to the fact that lymph is merely blood-plasma practically 
devoid of red corpuscles, but containing lymphocytes and 
coarsely granular basophile leucocytes, and, besides, minute fat- 
globules which show an active Brownian movement, though 
cT)vered with a thin layer of protoplasm to prevent their run- 
ning together as fat-drops are wont to do. 

‘^Lympli also conhiins fibrin,^^ writes Mathias Duval, ^Tiut 
a fibrin which is slow to coagulate spontaneously ; indeed, lympli 
removed from the vessel begins, after a quarter of an hour or 
so, to harden into a colorless jelly, from which a reticulated mass 
soon becomes separated, as does, blood-fibrin undergoing coagu^ 
lation.^^ The cause of this delay seems to me but a natural 
result of the absence of both varieties of acidopjiile leucocyt^ 
while the slow coagulation is but a normal consequence of 
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fact that the lympli is plasma wJiich, tlmugli derived from the 
blood, and deprived of neiitrophile leucocytes, iieverlludtss con- 
tains more or less fibrinogen, “^lore or less" is ap[)licable in 
a double sense here, for lymph taken from the lymj)liati(*s of 
the extremities, for instance, coagulates more rapidly tlian tiiat 
taken from some vessels of the trunk. Lym[)h also contains 
serum-albumin and serum -globulin in reduced (jiiantitv, and 
relatively very small proportions of urea, neutral fats, and 
sugar, as compared to the blood. Such is not tlu* cas(‘, however, 
as regards inorganic salts, which are present in the lym])h and 
blood in similar proportions. 

What is the nature of the process tlirough which fats are 
taken up from the intestine and their itinerary in the blood- 
stream until they are used for the elaboration of basophile 
gi-anules ? 

Stewart,"^ referring to the nature of this proc'css, says: 
^^The common view has long been that the greatiT part of the 
fat escapes decomposition, and, after emulsillcation by thi' soaj)s 
formed from the liberated fatty aedds, is absorbed as maitral 
fat by the epithelial cells covering the villi. If an animal is 
killed during digestion of a fatty meal, these (‘ells are found 
to contain globules of ditfereiit size's, which stain black with 
osmic acid, and dissolved out by ether, heaving vacaioh'S in the 
cell-substance, and are therefore fat. It has always Ixkui ditli- 
cult to explain how droplets of emulsific'd fat couhl get into 
tlie interior of the epithelial cells, and yet it c(*rtainly passers 
into them, and not between them.^^ Foster also refers to this 
feature in the following quototions: “It has, it is tnuy, b(?en 
maintained by some that they [the neutral fats] pass hetween^*^ 
the cells, and not into them, but the evidence is distinctly 
against this view.^’ Alluding to the rods of the striated boi'der, 
he says: “We may imagine that the globules pass into the c(;ll- 
substance by help, in some way, of these rods through amo'- 
boid movements comparable with the ingestive movements ol the 
body of an amoeba; but we have no positive evidence to support 
this view.’’ . . . “Within the columnar cell, th(j fat may 

be seen, both in osmic acid preparations and in fresh living 

Stewart: Loc, cit, p. 370. 
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cells, to be disposed in globules of various sizes, some large, and 
some small, each globule placed in a space of the protoplasmic 
cell-substance. It does not follow tliat the fat actually entered 
the cell exactly in the form of these globules; it may be that 
the fat passes the striated border in very minute spherules, 
which, reaching the body of the cell, run together into larger 
globules ; but whether this is so or not we do not know.” 

All this seems pointedly to suggest that the epithelial cells 
take up minute fat-particles to submit them to some local proc- 
ess. Hbbm and von l)avidolf”‘‘ emphasize the feature of the 
j>rocess when they say, referring to the fat-globules in the 
epithelial cells: ‘Mt seemed most probabhi that protoplasmic 
threads (pseudopodia) were thrown out from each through its 
cuticuiar zone, which, after taking up the fat, withdrew with it 
again into the cell. But when it was shown that, after feeding 
with fatty acids or soaps, globules of fats still appeared in the 
epithelial cells as before, and that the cliyle also contained fat, 
the hypothesis was suggested that the fat is split up by the 
pancreatic juice into glycerin and fatly acids, and that the 
fatty acids are then dissolved by the bile and the alkalies of 
the intestinal juice, only again to combine with the glycerin to 
form fat within the epithelial (‘oils.” Stewart furtlier states 
that ‘‘when an animal is fed with fatty acids t})ey are not only 
absorbed, but appear as neutral fais in tlic chyle of the thoracic 
duct, liaving combined with glycerin in the intestinal wall, 
and the epithelial cells contain globules of fat, just as they 
do when the animal is fed with neutral fat ” It seems clear, 
from these and other available data, that the Cj/tthelinl cells of 
the villi capture faUglohules from the intestinal contents and if 
need be convert this fat into neutral fats. 

We have seen, liowever, that the villi also take up the 
leucocytes which ingest proteids. It is important, in this con- 
nection, to clearly distinguish the two mechanisms involved 
one from the other. Bdhm and von Davidoff testify to the 
passage of such cells into the villi by stating: ^Mjeucocytea are 
sometimes found within the epithelial cells, but more usually 
l)etween them, and, according to Stohr, when seen in these 
positions are in the act of migrating into the lumen of the in- 

Bdhm and von Davidoff; Loc. cit., p. 256. 
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tostine/" Stewart, liowcver, remarks, in tliis eonnc'ction : “Leu- 
cocytes have been asserted to bo the active a^aaits in the ab- 
sorption of fats, 'riiey have been (lescril)(‘d as pusliino- tlu*ir 
way between the epithelial cells, iisliin^^ as it \vt‘re, for fatty 
particles in the juices of the intestine, and then travi^lin^^ back 
to discharge their cargo into the lymj)h. This view, howevc^r, 
is erroneous/^ It is erroneous, but only iji one resjxct, in luy 
opinion, t.e., tlieir direct connection with tlu^ absorption of 
fats, for, as stated, the functions of these wamh'ring cells is 
to carry proteids to the intravillous V(‘iuih‘s. These do not, 
thereforo, enter the intravillous lact(*als. Hut ofher hMu^ocvUvs 
penetrate the latter with the neutral fat-globuh's. ‘'A 11 hough 
the leucocytes do not aid in the absorption of fat f?*om the 
inieMne"' stiys Stewart, “they ap])ear to takiv it up fi-oni the? 
epithelial cells, conveying it through the spac(‘s of tlu‘ ind-work 
of adenoid tissue that occupies the inhudor of th(‘ villus, to dis- 
charge it into the central lachad, when? it mingles with the 
lymph.” The distinction I suggest in this eonnection appears 
to me to remove the confusion that exists in th(‘ lit(‘ratun* of tla^ 
subject. Briefly, my conception of tln^ process is as follows: 
While the leucoq/te.s whirh inf/esi protelfls front /he nifrstiHuf 
fooclsinffs heiween the efn/helinf cells niul enter the venules, 
the lencorjffes whick inr/esf fats ontij earrif the Inifer from the 
inner limits of the epithelial cells to the interior of the lacteal, 
and deposit them therein. 

Sir Michael Foster expresses the o|)inion that the numb(‘r 
ot leucocytes found to contain any appreciable (h'gn^i^ oi tat is 
too small to account for the amount of fat absorbed. But it 
seems to me that, if these only transIVr the lat troin the epi- 
thelial cells to the lacteals, the to-and-fro excursions of each 
(*ell and the enormous number of villi over which the food ol a 
single meal has to i)ass amply (ompensatc* for tiui apparent 
paucity of cells. An additional reason addiu'ed by l^oster is the 
fact that tl)e administration of a saline such as magnesium 
sul[)liate ^^produces effects the very reverse ol absorption, these 
cells being present in unusual numbers. As interpreted from 
my standpoint, and as will be shown when tlu^ at-tion ol purga- 
tives is studied, these agents greatly increa.^^e the How of serum 
intx:> the intestinal canal by reflex action and crowd its walls with 
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defensive agencies, including leucocytes. We are dealing here 
not with a normal process, such as is the fat-absorbing function, 
but with an engorgement by protective elements. 

The axial contraction and relaxation which occur in the 
villus to cause its various contents to gravitate into their re- 
spective channels may, however, be instrumental in causing fat- 
partieles that have already passed the epithelium to enter not 
only the lacteal, but the venules also, fat-globules, or what pur- 
ported to be such, having been found in the blood. This fea- 
ture and the nmnner in which fat-globules reach the general 
lympliatie circulation are exemplified in the following lines by 
Stewart: ‘‘The contraction of the smooth muscular fibers of 
the villus and the peristaltic movements of the intestinal walls 
alter the capacity of the lacteal chamber, and so alternately 
fill it from the lymph of the adenoid reticulum and empty it 
into the lymphatic vessel with which it is connected. By this 
kind of pumping action the passage of fat and other substances 
into the lymphatics is aided. In the dog no fat is absorbed 
by the blood-vessels, except perhaps a small quantity in the 
form of soaps ; it nearly all goes into the lacteals, and thence 
by the general lymph-stream through the thoracic duct into 
tile blood.’^ 

An interesting feature now asserts itself. Again are all 
the basophiles poured into a channel, the left subclavian vein, 
which empties into a large venous trunk, the superior vena 
cava, which in turn carries them to the right heart. We have 
practically a repetition of the process witnessed in the case of 
the neutrophiles with the exception of the passage through the 
liver, the basophiles being directly transmitted to the heart, 
and therefore likewise to the pulmonary lobules. 

Indeed, my view that the granules of these cells are myelin 
seems confirmed in this connection, for, while Lenhartz 
alludes to the neutro])hilic granules found in colorless sputum, 
and to the fact tliat the sputum of asthmatics contains 
“numerous eosinophile and quite mimerous basophile leuco- 
cytes,’^ he also refers, when reviewing the characteristics of 
the cells observed mic’roscopically in this connection, to cells 
that “present considerable coarse granulation,” and remark^: 
“Here, however, the spherules show a decidedly dull appeaf-s 
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ance, resembling that seen in crushed nerve-suhstanvvs. For 
this reason they were designated by Virchow as mnelin drop- 
lets/' Moreover, Lenliartz^^ publishes a colored ])latc, om‘ o/‘ 
the figures of which represents what he terms with K. AVa^- 
ner “heart-lesion cells’" fAund in the lungs. The granules of 
these, he says, “are similar to myelin, and, occasionally, more 
refringent than fat/' 

Evidently the nervous system is supplied with its myelin 
precisely as the muscles are supplied with tli(‘ii* myosinogen. 
Kanthack and Hardy state that the coarsely granular cel’s are 
not only rare, but completely abscuit from the blood, while the 
finely granular are relatively rare in the latter except soim* 
hours after a meal. “To say that these cells are f‘ound in the* 
body only in very small numbers, l)eing connn(‘<l to thi‘ blood 
and scanty even there,” remark these inv(‘stigators, referring 
to the finely granular basophiles, “is probably oidy ecpii valent 
to saying that we are at present very ignorant as to their his- 
tory, distribution, and significance. However, since we find 
this cell in the blood, but do not find it either in thi‘ cielomic 
fluid or in the interstitial spaces of the tissius (i‘xcept, per- 
haps, in those of the mucous coat of the alimenlnry cmiaf), wo, 
must, until further facts are forthcoming, n'gard it as tlu^ baso- 
phile cell of the blood.” Still, they refer to the coarsely gran- 
ular cells as “occurring only in tlie extravascular sj)aces” ami 
in the “interstices of the connective tissue.” 

It is probable that w’^e have in the finely granular cell the 
freshly laden cell on its way, when in the blood, to its normal 
habitat, the connective- tissue spaces, wdum* their granules dt*- 
velop into their normal size. Indeed, (lulland alludes to a 
basophile cell, represented in one of his plates, of which he 
says; “The leucocyte was seen to have been fixed in the act of 
passing through a narroiv hole lietween two bundh‘S of ('onnective 
tissue.” This cell is furthermore accompanied by a large num- 
ber of granules held in a net-work of fibers, which the c(*ll 
appears to drag along in its travels. It is of this variety of 
leucocyte that Gulland says: “It has often been remarked that 
these cells show a great tendency to leave their granules l)e- 
hind them,” etc., and the one which, in the portion of this 


Lenharto: **Mikroakopie und Chemie am Krankenbett," 1900. 
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section devoted to a review of tlie general properties of leuco- 
cytes, stands pre-eminently as a free-gran ule producer. 

That the cell in migrating from the vessels and passing 
through connective-tissue interstices has for its purpose to 
reach the myelin-spaces of nerves is clearly suggested by the 
manner in whicli the lymphatic spaces are arranged even in the 
finer ramifications. ^Tn its (iourse Henle’s sheath is not ap- 
plied against the nerve-tuhe,^^ writes BerdaP'^; ^There is between 
it and the neiwe-tube a space occupied by lymph-plasma whicli 
has for its purpose to supply the cylinder-axis with its nutri- 
tion.’^ If tliis statement is interpreted from tlie standpoint of 
my views, it is more than nutrition, but myelin-granules, which 
insinuate themsel ves — th rough chemical allin i ty, doubtless — 
wherever there is need for them : wlierever their consump- 

tion lias been greatest. ^^Medullated nerve-fihers, when exam- 
ined, frequently present a lieaded or vari(H)se appearance,^’ say 
Pick and HowdeiP*’; ‘^This is due to manipulation and pressure 
causing the oihj matter to collect into drops, and in consequence 
of the extreme delicacy of the primitive slieath even slight 
pressure will cause tlie transudation of fatty matter, which 
collects in drops of oil outside the membrane.” Evidently we 
are not dealing with a fixed mass, but with one made up of 
extremely mobile particles, which to me, at least, represent as 
many basophile granules. If the space between Henle’s sheath 
contains lymph sujiplied with mvcl in-granules, what is the dif- 
ference between a nerve thus supplied with its primary source 
of energy and a ‘^‘medullated” nerve? Xone, in my opinion. 
Such a nerve as a non-mednllated nerve does 7iot exist, therefore, 
since a nerve deprived of myelin, if interpreted from my view- 
point, would become a mere plasma-channel. 

The 2)athway to all nerves becomes greatly simplified down 
to their terminal ramifications, it seems to me, in the presence 
of Gulland’s observation concerning the passage of a basophile 
leucocyte ^Through a narrow hole between two bundles of con- 
nective tissue.” Indeed, ^The lymphatic vessels do not exist as 
distinct channels in the interfascicular connective tissue,” says 
Berdal. ‘^I'liere is no lymjihatic vessel in the thickness of the 

Bcrdal: Loe. cit., p. 152. 
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nervous bundles nor in the sheath surrouiuling them (Kaii- 
vier). The circulation of the lymph in the iiitei-ior of the 
bundles is insured by the arrangement of tlie iiUerlaseieiilar 
connective tissue, the meshes of which represeut lymphatic 
cavities communicating with the vessels of the interfa^\*icnlar 
tissue through holes in tlie lamellar sheaths.” On tiie whole, 
therefore, it seems to me permissible to coiicliule that : — 

f. 2he physiological function of the hasophile Jeucoryla is 
to convert fats derived from the intestinal foodstuffs into luyeliu- 
granulcs, and to distribute the latter to alt parts of the nervous 
system, including the brain. 

2. The hasophile leucocytes tints supply the entire nervous 
system with the lecithin-containing couipound which combines 
with the adrenoxidasG of the blood-plasma of a.ris-( ylinders, 
neuroglia fibrils, etc., in the jtroduciion of nervous energy. 

The different varieties of leueocntes reviewed so far rep- 
resent, it seems to me, the only three adult fiinciional types, 
the lymphocytes and hyalines being, as stated, immatur<? cells. 
This does not mean, however, that the latter are finuftionh'ss ; 
indeed, we have seen that when an active pro(‘(‘ss is initiated 
these younger cells rapidly increase in the blood and intestinal 
tract, to replace the large number of tlieir elders that have dis- 
appeared to take part in this process. 4Mieir developnumt must 
be extremely rapid, therefore, and their nundjer commensurate 
with the number of adult leucocytes brought into action, 
whether this be to distribute (1) tlie neutrophilic i)eptones, 
liiyosinogen- and fibrinogen- granules, {2) the cosinopliilic luem- 
oglobin granules or (3) the basophilic myelin-granules. 

THE FUNCTIONS OF THE LEUCOCYTES IN IMMCNITY. 

As the study of the functions of these cells is continued 
and amplified in the second volume, I will merely incorporate 
in this section a few brief facts based on the data submitted in 
the foregoing pages and conclusions based on a study of the 
subject, which study cannot for want of space be reproduced 
here. 

Metchnikoff terms ^^phagocyte^^ any cell deprived of a cell- 
ular membrane and capable of incorporating bacteria and otlier 
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substances, and of disintegrating them. In the blood, certain 
leucocytes, particularly the mobile or wandering neutrophilic 
or polymorphonuclear forms (the ^^microphages^’), the fixed 

Explanation of Plate.— Pig. 1.— Pfeiffer’s phenomenon occurring In the 
exudation taken from an untouched guinea-pig, the exudation having been with- 
drawn ten minutes after the injection of 1 cubic centimeter of bouillon containing 
one loopful of a culture of Constantinople cholera and 0.04 cubic centimeter of 
preventive serum (of the strength of Vs milligramme). Staining with methylene- 
blue. I, Lymphocytes. Ocular 3. Vis Zeiss. 

Fig. 2.— Mass of granules placed around a collection of leucocytes. Exuda- 
tion of a guinea-pig withdrawn nine minutes after the injection of 1 cubic centi- 
meter of bouillon to which had been added a third of a culture of Oriental- 
Prussia cholera and 0.04 cubic centimeter of preventive cholera serum of goat 
(strength, 0.0002). Ocular 2. D. Zeiss. 

Fig. 3.— Granular leucocyte surrounded by a zone of vibriondc granules. 
The exudation was withdrawn twenty-five minutes after the peritoneal injection 
of one-tenth of an agar-agar culture of Massowah vibrio. Ocular 2* Vis Zeiss. 

Fig. 4.— Two mononuclear leucocytes surrounded by granules; a lym- 
phocyte (f) and a red blood-corpuscle (h) from the same exudation. Same power. 

Fig. 5.— The same cells after remaining for three and one-half hours at 26‘*. 

Fig. 6.— Five polynuclear leucocytes from the exudation withdrawn four 
minutes after the Injection into the peritoneum of a guinea-pig (highly vacci- 
nated and prepared with 3 cubic centimeters of bouillon) of 1 cubic centimeter of 
bouillon with one-thiird of an agar-agar culture of Orlental-Prussla cholera. 
Nucleus of a crushed macrophage. Staining with methylene-blue. Ocular 3. 
1 /m Zeiss. 

Fig. 7.— Mononuclear leucocyte filled with Courbevole cholera vibrios. 
Peritoneal exudation of a guinea-pig. Ocular 3. Vis Zeiss. 

Figs. 8 and 9.— Two polynuclear leucocytes from the same exudation. The 
vibrios stained gray in the plate are vibrios in the eosinophile stage. Ocular 3. 
Via Zeiss. 

Figs. 10 to 14.— Various phases in the formation of cultures of cholera 
vibrio (Oriental Prussia) within leucocytes. Hanging drop, stained with methy- 
lene-blue, of the exudation of a guinea-pig hypervaccinated for almost six months 
and prepared with 3 cubic centimeters of bouillon. The exudation was with- 
drawn four minutes after the peritoneal injection of one-third of an agar-agar 
cholera culture placed in 1 cubic centimeter of bouillon and kept at 38”. Ocular 
3. Vw Zeiss. 

Figs. 15 to 18.— Various phases In the formation of cultures of the Kiel red 
bacillus within leucocytes. The banging drop was kept for twenty hours at 17” 
and was made with the exudation from an hypervaccinated guinea-pig prepared 
with an injection of 3 cubic centimeters of bouillon. The exudation was with- 
drawn four minutes after the Introduction into the peritoneum of the Kiel 
bacilli. Ocular 3. Vis Zeiss. 

Figs. 19 and 20.— Two consecutive phases of a culture of Kiel red bacilli 
grown from within a polynuclear leucocyte in a hanging drop of peritoneal ex- 
udation. The drop was prepared from the exudation of an hypervaccinated 
guinea-pig, withdrawn three hours and fifty minutes after the injection of Kiel 
bacilli into the peritoneum, n, Nucleus. Ocular 2. Vis Zeiss. 

endothelial and connective-tissue cells, those of the splenic pulp, 
and the large lymphocytes of the blood (^^macrophages^^) ar^; 
endowed with this property. Precisely as do the familiar amoebsa^ 
so do these phagocytes ingest bacteria and assimilate them, 
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animal is immune, according to Metclmikoff, as long as its 
phagocytes freely take up and destroy pathogenic organisms. In 
proportion, on the other liand, as the functions of tlic phagocytes 
are impeded, so is the animal susceptible to disease. That living 
and dead bacteria are thus disposed of seems to liave Ix'en satis- 
factorily shown, while chemotaxis fairly accounts for the atlinity 
which phagocytes show for certain germs in preference to otliers. 
Metehnikoff's doctrine as regards the power of certain leuco- 
cytes, migrating and fixed, to act as jdiagocytes is sustained l)y 
experimental evidence; the process can easily be followed visually 
and the leucocytes be seen to ingest micro-organisms, to which 
they are drawn by chcmotactic influence, in 18(i2 Haeckel wit- 
nessed the ingestion of indigo by leucocytes; in ISCk^^lleckling- 
hausen observed that pus-cells were endowed with anueboid 
motion, and, having injected cinnabar grains in the dorsal 
lymph-sac of frogs, saw that they were ingulfed by cells floating 
in the lymph. 

Cohnheim, as long ago as 1867, noted that the smaller vessels 
of the mesentery became dilated and saw leucocytes range them- 
selves along the vascular walls, plunge their pseiidopodia through 
the mural stomata, and penetrate beyond them, thus migrating 
and becoming ^^pus-cells.^^ These pus-cells, in the light ot 
Metchnikoff’s theory, are the remains of protective microjdiages 
which have succumbed after migrating through vascular walls to 
meet offensively the pathogenic organism. Dead material, 
pigment-granules, fragments of tissue, dust-particles, indigo, 
ivory (in the osseous medullary canal, according to Kdlliker), in 
fact, almost any foreign substance capable of invading the living 
organic structure, seems to become their prey. An aseptic catgut 
ligature, a fragment of bacilli-laden tissue, etc., soon becomes 
coated with an exudate filled with leucocytes which first ingulf 
the bacilli and then the disintegrated tissue. Let any inhibiting 
cause appear, however, — ^an excessively virulent germ, an abnor- 
mally high temperature, for instance, — their powers cease, and 
at once the bacilli multiply, causing death of the animal used 
for the experiment. The rapidity of multiplication of pathogenic 
organisms is an additional factor operating against successful 
phagocytic action. When such is the case the phagocytes are 
themselves destroyed. 
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Successful phagocytes may be traced from their working 
field by staining the latter, as was done by Bosenberger; long 
lines of colored cells may then be seen to radiate in various 
directions from the stained area. The pathogenic germs, once 
ingulfed, usually cease to multiply, and, either through a toxic 
action or starvation, soon die and disappear. That organisms are 
ingested alive Metehnikoff has shown. Spermatozoa, for instance, 
ingested by macrophages were seen to continue their motile 
activity until the tail had also been taken up. Begun in 1865 
with the digestive epithelium of Gedesmm hilineatus, the cellular 
elements of which were shown to digest various extrinsic sub- 
stances, MctchnikolT^s labors developed in 1883 into his present 
doctrine of phagocytosis, which, notwithstanding much adverse 
criticism, lias maintained its ground. 

The rapidity with which the protective process is carried on 
in cases of general infection is well illustrated by Cantacuzene 
^immediately after injecting anthrax bacteria in a vein of a 
rabbit’s ear,^’ says this author, ^ihe organisms arc taken up by 
phagocytes. At the end of seven minutes in the liver, eight 
minutes in the lungs, and one hour in the spleen none of the 
germs are free. Their destruction in the phagocytes is at first 
very rapid, but soon some of the hitter are overcome, and the 
bacteria, by multiplying within them, cause them to become 
centers of pullulation. Still, the bacteria that escape from the 
dead phagocyte arc seized by others; but, the number of the 
former becoming greater as the battle progresses, their protective 
powers are correspondingly reduced, and the bacteria finally 
invade the entire blood-stream. In the liver . . . practi- 

cally all the bacteria are destroyed and digested within a few 
minutes after the injection. This superiority of the hepatic 
phagocytes in the fray lasts almost throughout the disease; but 
the activity of the phagocytes finally decreases; the bacteria 
multiply within them and become generalized. In the lungs 
there is rapid destruction of bacteria by polynuclear cells, then 
intracellular development of bacteria and generalization.^^ 

The phagocytes just referred to, the microphages^ are 
wandering or migrating cells — free to respond and travel iiiore 

Cantacuzene: Quoted by Marcel Monnier: Gazette xnddlcale Be!|^ 
13,1899. 
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or less promptly toward pathogenic bacteria, in virtue of tlio 
clieniotactic attraction possessed by the latter, ^riu* })rocess is 
graphically illustrated in the annexed colored ])late. 

What is the nature^ of the intraphagocytic ])rocess? 

I have shown that the germicidal phagocytes, the neutro- 
philes, absorbed trypsin not only in the intestinal canal whilt' 
ingulfing foodstuffs, but likewise in the portal vein, the fernient 
in the Jatter being, from my viewpoint, the splenopancn'atic 
secretion. This intraphagocytic trypsin is capable of dig(‘sting 
not only certain poisons: toxic albuminoids, toxins, vegetable 
poisons, venoms, and even drugs, as will be shown in the second 
volume, but also bacteria. In other words, all materials, poisons, 
germs, etc., find their d(X)m in the digestive vacuoles of tiu' 
phagocyte. ^^Just as ammbae digest their prey with th(» aid of 
amibodiastasc, a soluble ferment belonging to the grouj) of the 
trypsins,^’ writes Metchnikoff, "Svhite corpuscles submit the 
foreign bodies they inglobe to the action of cytases. These 
cytases (the alexins or complements of other authors) are i\w 
soluble ferments which also belong to the category of In/psins/'^'^' 
The two italicized^^’^ words should he carefully noted, as tlu'y 
indicate that the antibody Ehrlicli has termed “complement'- is 
Metchnikoff^s ^Trypsin.^’ As shown in the second volume, tliis 
is confirmed from various directions. 

As to the role of this cytase or trypsindike body, it is also 
clearly defined in another sentence by IVletchnikoir: “In blood 
removed from the body the white cells allow ])lasman(!, whi(‘h 
causes coagulation of fibrin and the formation of the clot, to pass 
into the liquid. But at the same time these abandon a portion 
of their cytase, which communicates to the serum its hfernolyiic 
and bactericidal qualities.^^ Briefly, when bacteria an; ingested 
by phagocytes or phagocytic cells of any kind (for these includt) 
the finely granular oxyphiles and the hyaline and giant cells, all 
wandering cells) they are actually digested in tlieir vacuoles by 
the trypsin-like cytase precisely as they would be in the alimen- 
tary canal of highly organized animals. 

It becomes a question now as to how the phagocytes become 
supplied with this trypsin, and how their protective activity to 

L*Immunit6 dans lea Maladies Infectleuses, p. 573, 1901. See vol. 11. 
P* for additional evidence. 

“•The italics are my own. 
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the system at large is awakened. Considered from my view- 
point, i,e., with the structure and functions of leucocytes, as 
described in the foregoing sections, tliose cells which are phago- 
cytic are influenced in the following manner, when pathogenic 
bacteria, their toxins, toxic albuminoids, etc., provoke an auto- 
protective reaction in the body: — 

Stimulation of the adrenothyroid center by the toxic in- 
creases the production of adrenoxidase and thyroiodase, which in 
turn enhance correspondingly oxidation and, thereby, the func- 
tional activity of all tissues. Among tliese tissues are (1) those 
which produce phagocytes (lympliatic structures mainly), thus 
causing leucocytosis, and also (2) the spleen and pancreas, 
which jointly (from my viewpoint) produce Metchnikoff^s 
trypsin-like cytase (Ehrlich’s complement). This substance, 
being secreted (as an internal secretion, see p. 3(57) into the 
splenic and portal veins, is taken up therein by the newly 
created phagocytes and stored in their perinuclear vacuole, — their 
stomacli, so to say. The cells, after traversing the liver, pene- 
trate into tlie general circidation and carry on therein their 
function of scavengers, i.e., that of ingesting and digesting the 
pathogenic substance or the bacteria whose toxin had excited 
the adrenothyroid center — ^the sentinel whose mission was to 
start the defensive reaction. 

Ilow Bacierins { Vacemes) A ct and how Oimnins Enhance 
Phagocytosis, — We have seen that in 1907 1 advanced the view 
that the thyropara thyroid secretion corresponded in its chemical, 
physiological, and clinical properties with Wright’s opsonins, and 
tliat the labors of Marbe, Malvoz, and Stepanoff have sustained 
me. I have also submitted evidence to the etfect that it was by 
increasing the sensitiveness of the phosphorus of all cells, and 
particularly their nuclei, to the oxidizing action of the adrenoxi- 
dase that functional activity was enhanced. We have now seen 
that leucocytes, including the phagocytes, are supplied, like 
other cells, with a nucleus rich in phosphorus. When, there- 
fore, an excess of thyroparathyroid secretion, ie., opsonin, ap- 
pears in the blood, through the above-described mechanism, and 
through the red corpuscles, the phagocytes become unnsnally 
active and aggressive. 

Simultaneously, the pathogenic organisms 
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undergo a process which renders them viilnorablo to (he pluii^o 
cytic host. The thyroparathyroid secretion, we have seen, 
powerfully excites metabolism, but particularly the catabolic 
phase of the process; hence its potent action in the reduction of 
obesity; it influences bacteria precisely as it does adipose tissue, 
and with especial activity those tliat are rich in phos|)liorus, the 
tubercle bacillus, for example. It renders the germ more 
vulnerable to digestion by the try|)sin of the phagocyte, ddiis 
effect on them modifles the surface of the germs, softens it and 
causes them to adhere together, i.e., to agglutinate. 

This suggests that opsonin and agrjlnthn'n are one and the 
same thing. That such is the case is shown by many experi- 
niental facts. We have seen that tlie thyroparathyroid si'cretion, 
which is the opsonin, and the adrenoxidase are contained in the 
red corpuscles; XolP^^ noted that the addition of red corpusch?s 
to serum gave it agglutinating properties. Indei'd, Artliur 
Klein^®^ found that agglutinin could be dissolved out of the retl 
corpuscles by means of salt solution or distilled water. It will be 
recalled that I traced the thyroparathyroid seendion, i.e., the 
opsonin, to the lungs; Eufler and Crendiropoulo,''*'^ in a study 
of agglutinins, remark: ^^Strangely enough the lungs of im- 
munized guinea-pigs were the only organs which in the majority 
of cases possessed agglutinating properties greater than the 
serum.” As is well known, Bordet’s ^^sensibilisatri(‘e” is d(‘rived 
from the red corpuscles; now, Savtchenko^'^*’ has pointetl out that 
this substance was endowed with specitic opsonic propiuties, 
acting both on bacteria and on leucocytes, as I explained 
above. Finally, agglutination is evidently a feature of opsonins. 
Bulloch and Atkins,'®^ for example, were led experimentally to 
conclude that opsonins were ^^simjile substances resembling 
agglutinins.” 

This involves the necessity on the part of the o[)sonin of 
leaving the red corpuscle to influence morbidly the bacteria. 
Nolf^®® showed that this was due to an action of the complement 
(the phagocytic trypsic cytase) on the red corpuscles which 


’"*Nolf: Ann. de I’lnst. Pasteur, xlv, p. 297, 1900. 

Arthur Klein: Wiener kiln. Woch.. Apr. 17. 1902. , 

Ruffer and Crendlropoulo: British Medical Journal, Apr. 1902. 
Savtchenko: Annalea de Tlnst. Pasteur, xvl. p. 106. 1902. 

Bulloch and Atkins: Proc. Royal Soc. of London, p. 379. 

Nolf: Annales de I'lnst. Pasteur, xlv, pp. 297, 492, 1900. 


loe 



698 


INTERNAL SECRETIONS AND THE LEUCOCYTES. 


caused "the contents of the latter to leave them/^ and that "the 
injection of the corpuscular contents incited haemolysis/^ In 
other words, the trypsin of the phagocytes being secreted into 
the blood, it causes the red corpuscles to secrete their opsonin 
(with the adrenoxidase — amboceptor), and digestion entailing 
destruction of the germ can thus occur in the plasma and prove 
so active, in fact, when there is hyperpyrexia, for example, as to 
destroy the blood-cells besides, Le,, produce haemolysis. 

The bacteria being softened by the opsonin and rendered 
more inert, while simultaneously the phagocytes, their enemies, 
are rendered more active and aggressive, the former are attacked 
and ingested and they are submitted to digestion in the phago- 
cytic vacuole and destroyed. 

On the whole, as viewed from my standpoint, the functions 
of the leucocytes in general immunity, including Metchnikoff’s 
conception of phagocytosis, may be summarized as follows : — 

1. When bacteria Appear in the blood, their toxins — or 
bacterins or vaccines injected into the tissues which ultimately 
reach the blood — awaken a defensive reaction in the body at 
large by exciting the thyro-adrenal center, oxidation and metab- 
olism^ being increased in all tissues, the production of phagocytes 
is activated and their aggressiveness is intensified, 

2, The thyroparathyroid secretion {opsonin and agglutinin) 
and the adrenoxidase {amboceptor) stored in the red corpuscles 
are then secreted by these cells under the influence of the phago- 
cytes {Nolf), to sensitize and soften the bacteria, 

S, The bacteria are then ingested by the phagocytes and 
digested by their cytase {complement), a trypsin-like ferment, 
and this process continues as long as there are bacteria to pro- 
duce toxins capable of exciting the adrenothyroid center. 

This completes the process as far as the phagocytes are 
concerned. As their functions are to co-operate with the plas- 
matic defensive process described under the preceding heading, 
the nature of this co-operation should also be ascertained. Thia 
is described in what I believe to be: — 

A SIMPLIFIED THEORY OF IMMUNITY. 

There occurs, at first, what might be termed the "prepaiu- 
tory^’ stage, the purpose of which is to increase the defexod^ 



A SIMPLIFIED THEORY OF IMMUNITY. 


im 


constituents of the blood and other body Iluids. On tiie wlioio 
it seems permissible to conclude that : — ^ 

The toxic {certain toxins, wastes, drugs, vaccines, etc.) 
excites the immunizing center. This center, in turn, stimulates 
the thyro parathyroid glands and adrenals, thus causing them to 
supply the blood {and to a certain extent the lymph and serous 
fluids) with an excess of tiiyuoioDv\se and aduknoxidask. 
Metabolism being enhanced in all tissues by these substances, the 
pancreas also secretes an excess of tkypsic fkrment, while the 
leucocytogenic tissues {bone-marrow, lymph-glands, etc.) pro- 
duce an increased number of leucocytes, mainly ouANr- 

L/VU OXATPIIILES a7ld PHAGOCYTES. 

The blood and other body fluids beiii<r now provided with all 
its defensive agents, tho following process is started 

The thy7*oiodase {opsonin, agglutinin) sensitizes and softens 
the pathogenic agent, while the adrenoxida.se {amboceptor) 
oxidizes the phosphorus of the nucleo-prolcid granulations, 
liberating heat"^ ; the activity of the tryimc ferments {plasmatic 
and phagocytic complement) being correspondingly increased 
the pathogenic agent is converted into benign and eliminable 
products. 

The whole process imposes protective properties ii])oo eacli 
ductless gland involved, i.e., the tliyroj)aratliyroid apparatus, 
adrenals and the pituitary. As to the two tirsi- named their |)ower 
to antagonize intoxication is now generally recognized. As to 
the pituitary body, its role in this connection has only, so far, 
been studied by myself. Suggestive, however, are tlie remarks of 
*T. A. Flexner,^®® in reference to the after effects of removal of 
the pituitary for tumor of this organ. ‘T wish to call attention/' 
writes this observer, ^^to the extreme susceptibility of tliese 
patients to morphine and to autointoxication, espwially of purin 
origin.^^ Then, referring to a personal fatal case, he states that 
^^one twenty-fourth of a grain kept her narcotized for over a 
day,^^ and he rightly concludes that ^This sudden and unexpected 
end was due to stopping of her glandular feedings and to the 
severe autointoxication which resulted from lier careless diedary.'^ 
The role I have ascribed to the pituitary body alone explains this 
phenomenon. 


*ThlB relaUonsbip of the nucleo-proteld granulations 
clency of the cytase is studied in the second volume, to which the reaaer is 
referred. 

^“•Plexner: LoulavUle Monthly Journal of Medicine and Surgery, May, isu. 
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THE INTERNAL SECRETIONS AND 
ORGANOTHERAPY. 

THE FUNDAMENTAL PRINCIPLE OF THE ACTION OF 
ORGANIC PREPARATIONS. 

American textbooks afford no clue as to the manner in 
which tlie thyroid gland carries on its functions. Some writers 
hold that the thyroid and parathyroids, by means of an internal 
secretion, ^^exercise an important control over the processes of 
nutrition of the body’^; others contend that the purpose of these 
organs “is to neutralize or destroy toxic substances formed in the 
metabolism of the rest of the body.^^ Others again assert that it 
increases metabolic activity, especially catabolism. I have sub- 
mitted ample evidence to the effect that tlie thyroid influences 
all these functions; but how does it do so? This is the feature 
that I have supplied in the present work. If the reader will 
take into account the fact that the above divers functions, attrib- 
uted by different groups of investigators to the thyroid, are all 
explained by tlie one role I have attributed to this organ — that 
of sensitizing the organic phosphorus of all tissues — he will 
surely concede that my position must be a strong one. And this 
may be said to apply to the other organs analyzed in this work. 
The analyses I have submitted have not been destructive; they 
have proven constructive; they have shown that different sets 
of experiments and clinical observations which apparently 
divided several groups of investigators upon each question into 
as many antagonistic camps were all, when interpreted from 
my viewpoint, conciliated and harmonized into a consistent 
whole. 

In their application to organotherapy, my views are sub- 
mitted to a still greater test : they are shown to explain all the 
therapeutic effects of preparations of the organs studied in the 
present work, namely, the thyroid, parathyroids, adrenals^ pitui- 
tary, pancreas, spleen, and thymus. Certain organs, such as the 
kidneys, ovaries, and testicles, whose internal secretions, 

( 700 ) 
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not been specifically studied, may be included in tlie list, lor 
there is some ground for the proposition, at least, that their 
organic products should not be regarded as special secretions, hut 
as the product of a single kind of secretory cells that are common 
to many orgaius, as will be sliown below. 

If our object to place pharmacology on a scientifh* fooling 
is ever to be realized, we should insist, whenever an agent is to 
be tried therapeutically, upon a preliminary determination of its 
identity as a chemical body. Thus only will it he possible 
for us to establish its physiological action on a solid basis. In 
drug therapy, this important feature has been carried out to a 
considerable extent, and what we know of the physiological 
action of most agents derived from plant life has been ac(|uired 
since their active principles have been isolated and made the 
basis of experimental and clinical study. Just as opium contains 
various principles — morphine, apomorphine, codeine, etc. — so do 
animal extracts contain a multiplicity of substances, cellular and 
plasmatic, and also products of cellular metabolism capable of 
provoking physiological effects; but here very little (dfort has 
been made to isolate the truly useful princip’es. Jlcaice the 
confusion and empiricism which has always surround(‘d the use 
of these agents. 

All this applies to organotherapy as it does to pharmacal 
agents. It is unquestionably true that we have among the 
twenty and odd animal extracts that have be(ai j)roposed a few, 
at least, which are capable of affording relief where no otlujr 
class of agent will act — thyroid preparations in myxcedema and 
cretinism, and adrenal extractives in Addison’s disease and 
luemorrhage, for example. The adoption of a systematic lino 
of study in the direction proposed seems to me to facilitate 
the discovery of additional useful applications of these agents, 
or, at least, to give their use in practice a more rational basis. 

Important in this connection is the i<lentification ol the 
true organotherapeutic preparations. By the ^Hrue ’ agents I 
niean those which can be used intelligently, that is, with knowl- 
edge of the physiological effects produced, because their at.'tive 
principles are known. Thyroid extract belongs to this class, 
since we know that its action is due to the iodine in organic 
combination its secretion contains; adrenal preparations like- 
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wise are included because their active principles, whether epi- 
nephriii, suprarenalin or adrenalin, are also known. Conversely, 
wc have a large number of organic preparations that are used 
blindly, witliout knowledge of their components, which may 
number from five to twenty or more, in almost any disease 
related directly or remotely with the organ from which the 
extract is obtained. Mammary extract can be cited as an 
example of these agents. They are hardly entitled to a rank 
much above that oL empirical nostrums until rendered fit, by 
their sponsors, through chemical, pharmacological, and clinical 
researches, to be taken up by the profession as legitimate 
pharmaceutical agents. 

That so desirable a task is not impossible of accomplishment 
may readily be shown. We shall take as examples those which, 
besides the thyroid, parathyroid, and adrenal products, whose 
active agents are familiar to every one, the four which have 
stood out most prominently in the history of opotherapy: the 
testicular, ovarian, renal, and pituitary extracts. 

Sperm in, as is well known, is the purest of testicular 
preparations. Before I had given any attention whatever to 
these agents, I had submitted evidence^ which showed that the 
adrenal secretion was carried to the pulmonary air-cells, to take 
up the oxygen of the air therein, and become the albuminous 
(previously unidentified) constituent of the haemoglobin, which, 
through the- intermediary of the red corpuscles, supplies oxygen 
to all the tissues. The evidence showed that it was an oxidizing 
body acting catalytically ; that it resisted all temperatures up 
to, and even, boiling; that it was insoluble in ether and prac- 
tically insoluble in absolute alcohol, and gave the guaiac, 
Florence, and other haem in tests. Now, spennin not only raises 
the blood-pressure, slows the heart, and produces all other 
physiological effects peculiar to the adrenal principles, but its 
solubilities are the same; it gives the same tests; it resists boil- 
ing. Moreover, it is regarded in Europe as a powerful "oxidiz- 
ing tonic” and has been found equally useful in disorders in 
which adrenal preparations had given good results. The 
inference that spermin consists mainly of the adrenal product 

^ Sajous: ** Internal Secretions and the Principles of MediclA^’* U 
ii, 1907. ■ V 
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suggests that it should not be regarded as speeiiic to tiie testes, 
but, instead, a constituent of the blood at large; not only «lid 
tliis prove to be the case, but it was found in the blood of 
females as well as in that of males. 

Although ovarian preparations have not been studied as 
thoroughly, their dependence upon the adrenal j)riiuii)li' for 
their activity is no less evident. Ovarian extract has been found 
to contain '^an oxidizing ferment comparable to spermin."- Jnsi 
as castration causes a decline of the temperature, so does r(Mnoval 
of the ovaries; while both spermin and ovarin restore the 
temperature to normal. This corresponds with the iniluence 
on general oxidation 1 asciibe to the adrcnial se('r(dion. As is 
the case with the latter, ovarian preparations onhanci* melaholisin 
and the excretion of phosphoric acid. Again, the resinnhhmce 
of the physiological etfects of ovarian extract to thos(‘ of adnuial 
preparations is striking. ^‘Fresh ovarian extract,’' writes 
Wilcox,^ ^^is said, when injected in rabbits, to raise tlie blood- 
pressure, diminisli the heart’s action, and slow the respiration; 
and when administered to the human female, also to iiuu'ease 
the arterial tension. In the castrated animal it is found to 
increase oxidation to something above the normal degree.” 
Sauve'** states that it increases oxidation and the ])roportion of 
haemoglobin in the blood. 

Besides this mutual relationship l)etween the h'stieular, 
ovarian and adrenal products, two suggestive facts ass(*rt them- 
selves: Not only have Schafer and others found that a close 
analogy exists between the interstitial cells of the testicles and 
ovaries and the corresponding cells of the adrenals, but all three 
sets of organs are derived from the Wolffian body. 

The kidneys have been credited with an internal secretion, 
but no experimental work so far recorded justifies such a con- 
clusion. There is, however (see page 289), testimony to the 
effect that, as in the organs just referred to, the adrenal prin- 
ciple is the main active agent. Batty Shaw,^ remarking that 
the favorable effects obtained from renal extracts arc; similar 
to those that ^ffiave been reported as a result of treatment by 


** Batty Shaw; “Organotherapy,” 1905. 

* Wilcox; “Pharmacology and Therapeutics, 
Sauvd; Paris mddlcal, April I, 1911. 

^ Batty Shaw: Loo. dt., p. 216, 1906. 


7th ed., p. 824, 1907. 
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means of spermin and testicular extract,” suggests that ^^pos- 
sibly nephrin and otlier renal preparations provide a means of 
stimulating oxidation in general, the kidney merely sharing in 
this oxidation.” The concordance of this opinion with my own 
view (1903), that the adrenal secretion is the constituent of 
the haemoglobin molecule which carries on oxidation, is self- 
evident. The influence of renal extracts on oxidation is further 
shown by the observations of Brown-Sequard, Teissier, and 
Friinkel/’ that they increased the output of urea, phosphates, and 
uric acid, and by those of Brown-Sequard, Dromain, and de 
Pradel Bra,® Mois,"^ Bitzou,** TJubois," and others, which showed 
that they possessed marked antitoxic power. Tliis also harmo- 
nizes with my views, since 1 have shown, with ample evidence to 
sustain this assertion, that the adrenal secretion is a basal factor 
in all immunizing processes — as its role in oxidation would 
normally suggest. Even the morbid effects of exaggerated anti- 
toxic activity whicli I ascribed to excessive doses are exemplified 
by an observation of Layrars^® in which renal extract caused 
death from pernicious anaiunia, i,e,, from luemolysis. 

Pituitary extracts, we have seen, are active according to 
which of the two lobes of the pituitary is used to prepare them. 
Howell, Silvestri, Thaon, and others have found that extracts 
of the anterior lobe were practically inert, wdiile those of the 
posterior proved quite active. IlowelP^ states in this connection 
that they ^‘^eause a marked rise of blood-pressure and slowing of 
the heart-beat,” remarking, moreover, that ^These effects resemble 
in general those obtained from adrenal extracts, but differ in 
some details.” When we take into account the wealth of this 
organ in nervous elements, deviations in minor effects are 
readily accounted for. 

As previously stated, the adrenal principle is not destroyed 
by boiling. This was also observed to be the case with extracts 
of the pituitary lobe, by Schafer and Herring.^® These physiolo- 
gists also noted that they produced dilatation of the renal 

® Teissier and Prankel: Lyon mMlcal, April 29, 1894. 

^ Bra: Comptes-rendus de la Soci^td de Blologle, July 26, 1896. 

^Mols: Cllnica Moderns, Dec. 1, 1897. ^ 

®Bitzou: Journal de physiologle et de pathologle g^ndrale, Nov. 16, 190*. 

•Dubois: Bulletin g6n6ral de tbdrapeutique m#dicale et chirurgical®. 
'•Layral: Bulletin medical, Oct. 8, 1898. 

Howell: Loo. rit, 2d ed.. p. 802, 1907. ' 

^ Schafer and Herring: Transactions of the Royal Society, exeix, p. 
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vessels, but this is a noruial result of tlie vasocoustj-ietioii pro- 
duced by them in the body at large, owing to the action of the 
adrenal principle upon the vascular muscles. The renal capil- 
laries, in keeping with all others, being deprived of muscular 
elements, they are passively dilated by the blood comjn-essed out, 
as it were, of the larger vessels and the kidneys are dilated. 

llerring,^^ and more recently McCord, noled that pitui- 
tary extract caused constriction of the pcrij)heral arterioh's. 
This is typical, as is well known, of the action of all adrenal 
products. As shown by the experiments of Cariiier and Thaon,'^ 
(^oiiti and Curti,^"* and others, the pressor prec^ede th(‘ depri'ssor 
ctTects. This applies as well to the inliihitory elVects on the 
])ancreas recently recorded by Pemberton and S\vei‘t.‘^‘ The 
mydriatic action of epiticphrin, discovered by Alelt/.c'i*, has also 
been found l)y Cramer to apply to pituitary extracd. Finally, 
the clinical effeets recorded, especially those on the (-ardiae 
disorders by Cyoii, Uenon and Delille,^^ clearly indicate that 
tliey are due to the adrenal principle pituitary extracts contain. 
Botli are extolled as oxytoeics, being deemed far superior to ergot 
by some. Both also have been found very effindive in intt‘stinal 
paresis. The resemblance of their action to tluit of adrenal 
extracts, noted by Schafer, is explained, therefore; it is to the 
adrenal principle in tlic pituitary that extracts of this organ 
owe their activity. Finally, as shown by Wiesel,^"^ tlie ])itnitarv 
body is the seat of a large group of eliromalfin cells, i.d., adreual 
cells, which stain a yellowish or brown color with potassium 
bichromate. 

All these facts seem to me to justify the in elusion of 
testicular, ovarian, renal, and pituitary extracts in the adrenal 
group of organic extracts. 

I would add that the presence of the adrenal principle 
thronghout the organism is no longer to be doubted. Besides its 
now-familiar effects on the blood-pressure by a direct action on 
the blood-vessels, which necessitates its distribution broadcast, 


Herring: Journal of Physiology, Nov. 2, 1904. 
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we have the fact that Mulon found it in the red corpuscles. 
Even the placental blood contains it. As a conservative pharma- 
cologist^ Dixon/® wrote, while describing investigations by P. 
Taylor and himself : ^We have shown that the human pla- 
centa contains a considerable amount of a substance which is 
. unaffected by boiling. This body has the property of 
powerfully constricting blood-vessels, of contracting the uterine 
muscle, of raising the blood-pressure. ... So far as we 
Imvc been able to determine, this body has all the properties of 
adrenalin.” Indeed, ^^adrenalincmia” is now in common use. 

The adrj^nal principle being common to the entire organism, 
it would seem as if all organic extracts should owe their thera- 
peutic activity to this constituent. But many facts go to show 
that the proportion of adrenal principle in certain organs — 
those forming part of the chromaffin system, for example — is 
far greater than in others, and moreover that they contain 
cellular elements that are not only similar to the secreting ele- 
ments of the adrenals, but which are capable of adding to that 
received from the latter through the blood. This accounts for 
the fact tliat removal of the testicles or ovaries lowers the activity 
of the oxidation processes, though without destroying life itself, 
as is the case when the adrenals are removed. The obesity 
which follows removal of the testicles or the ovaries illustrates 
an effect of this suboxidation. 

This does not mean, however, that all organic preparations 
owe what therapeutic efficiency they have shown mainly to the 
adrenal principle they contain. The majority of them probably 
do not. The recent introduction of an oily extract of brain 
matter seems to have placed the use of this agent on a firmer 
basis. The phosphorus-laden nucleins derived from brain sub- 
stance would probably account for what therapeutic value it 
seems to show. Again, thymus extract has some claim to 
recognition in disorders which other remedies do not seem to 
affect. Here again, we have a tissue rich in nuclein, and tiiere- 
fore in phosphorus. May we not have in these and other 
organic preparations a means of introducing into the body 
phosphorus so bound up in organic combination that it oa® 
he far more readily taken up by our tissues than any prejpAra- 

Dixon: British Medical Journal* Sept. 21, 1907. 
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tion that our laboratories can produce? We must not lose si<Hit 
of the fact that organotherapy affords, precisely in this direction 
possibilities that nothing else in the realm of tlierapeutics can 
offer — a statement which applies, also to tlie o])portuiiity they 
furnish of introducing immunizing bodies directly into the blood 
— or of compensating for organs whose functions have l)ec()ni(‘ 
inadequate through local disease. But these advantages will 
only become available when the prevailing empirical use of 
animal extracts will have been rendered impossible tli rough 
proper identification of those of their co-nstituents which bring 
about beneficial effects, the natural precursor to a clear con- 
ception of their mode of action. 

Another important feature is the distinction of true duct- 
less glands, whose mission is to elaborate a secretion of physio- 
logical use to the body at large, from organs which have been 
credited with such functions on insufficient grounds. Perhaps 
the habit of requiring considerable evidence from many sources 
and directions before reaching a conclusion — contrary to the 
prevailing tendency among experimenters to base a sweeping 
conclusion upo-n very few facts — hm rendered me too exacting, 
but I must confess that so far I have not been able to recognize 
true internal secretions in more than three sets of organs, the 
thyroid, including its glandules, the parathyroids, tlie a<lrenals, 
and the pancreas. In these organs alone lias the secrelion been 
identified at the seat of its fonnation, traced to the blood- 
stream, and, through the blood, to all tissues. This might bc^ 
said to apply to the liver, owing to its glycogenic function and 
to the broadcast distribution of glycogen; but in accord with 
Claude Bernard’s original view, physiologists very properly con- 
sider the formation of glycogen as ^^a temporary reserve supply 
of carbohydrate 'material that is laid up in the liver during 
digCvstion and is gradually made use of in the intervals between 
meals.”^® Glycogen, therefore, is not a true internal secretion. 

Many other organs have been regarded as sources of internal 
secretions. A close analysis of the question, however, suggests 
that while the evidence in favor of this view is very meager, 
many facts tend to disprove it. Investigators who have con- 
tended that these and other structures are ductless glands have, 

» Howell: **Textl>ook of Physiology.” p. 736, 1905. 

46 



708 THE INTERNAL SECRETIONS AND ORGANOTHERAPY. 


almost without exception, based their contention on the plea 
that extracts of these structures produce physiological effects. 
This accounts for the fact that practically every tissue, including 
muscles, nerves, lymphatic glands, and even ciliary body, nasal 
mucous membrane, the placenta, has been thought to produce 
an internal secretion. Tlie weakness of such a plea is self- 
evident, Almost any organic substance will in some way or 
other affect the blood-pressure, and when we consider that all 
tissues contain more or less nuclein, intermediate, and therefore 
toxic, w’aste products, red and white corpuscles, and many other 
substances capable each in its own way of evoking some sort of 
reaction wdien injected into animals, the actual value of such 
experiments is reduced to nil. It is about as scientific as the 
giving of liashed ear for earache. 

Finally, and quite in keeping with tlie above remarks, is 
tliat those of the organic products which are to any degree to-xic 
may, through tiie adrenal system, evoke an auto-protective 
reaction the symptoms of wdiich seem to the investigator the 
expression of a physiological function which he credits to the 
extract used, supposedly an ‘^internal secretion.^’ On the other 
liand, beneficial effects are sometimes obtained through the fact 
that certain tissues combine the properties of two or more in- 
ternal secretions, the posterior pituitary lobe, for instance, which 
is rich not only in chromaffin or adrenal substance, as stated, but 
also in nucleins, owing to its wealth in nervous elements. 

Some of these pliysiologieal effects will be brought out 
under the remaining headings of this chapter. 


THYROID ORGANOTHERAPY. 

When, in the light of the data submitted in the third chapter, 
we administered thyroid gland, which combines the actions of the 
thyroid and parathyroids, the following effects are produced: 
It renders the phosphorus of all tissues, and all free substances, 
such as bacteria, wastes, toxins, etc., containing phosphorus, more 
inflammable or sensitive to the action of the oxygen in the 
blood. As this applies particularly to nerves and nerve-centers 
(all of which are especially rich in phosphorus) the adren^ 
center and therefore the adrenals themselves are excited, 
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adrenal secretion being tlie agent which takes up tlie oxygen of 
the air to sustain the blood’s oxygenizing power, the supply of 
oxygen is also increased. All the various phospliorus-laden sul)- 
stances are thus not only rendered more readily oxidizable bv 
thyroid extract, but this remedy also provides indireetly the 
required oxygen. This is not all, however. As tlie riiiu tinr.s of 
all organs are enhanced by this process, tlie paiieriMs and the 
leucocytogenic organs are also vstimulated, and trypsin and 
phagocytes, which are the active destroyers of patliogenie organ- 
isms, toxins, and other poisons, are also increasc'd. Jiriellv, 
under the influence of thyroid preparations, wv. liavc in 4Iie 
blood — ^and demonstrable therein — all the active agents con- 
cerned with metabolism, nutniion, and imminiitj/: an increase 
(1) of adrenal oxidizing substance, or adrenoxidas(» (liie all>u- 
minous constituent of hamioglobin ; h^hrlicb's amboceptor) ; (‘>;) 
of thyroid sensitizing substance (Wright’s opsonin); (d) of 
trypsin (Ehrlich^s complement and MetchnikolV’s cytase) and 
(4) bacteriolytic leucocytes (Metchnikoff’s phagocytes). 

When, therefore, thyroid preparations are given in small 
doses, we may expect the following plienomena, espi‘cially wlaai 
the remedy is given in cases of hypothyroidia : — 

A rise of temperature due to the increased oxidation brought 
about by the thyroid and adrenal oxidizing substances aeding 
jointly ; enhanced metabolism a normal result of the augmenta- 
tion of genera] oxidation, with increased appeiile due to the 
resulting greater demand for foodstuffs. A marked improvenumt 
in genef^al nuMtion and strength is a self-evident result of the 
assimilation of a greater proportion of food-inatcvrials, and the 
rapid growth likewise where, as in cretinism, it is stunted. I’he 
cerehro-spinal system is particularly influenced owing to its 
wealth in phosphorus; there is, in suitable cases, development of 
intelligence. All organs being the seat of increased metabolic 
activity and nutrition, the intestinal, renal, cardiac, and cuta- 
neous and hepatic functions are all enhanced. Even the hair 
grows bountifully not only in cretinism, but when its loss is due 
to impaired nutrition of thyroid origin. It counteracts 
ture senility in all its phases by restoring to the organism the 
main constituent which sustains, with the co-operation of the 
adrenoxidase, the functional efficiency of all its parts. 
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In large doses, on the other hand, thyroid preparations pro- 
duce quite the opposite effects. By imposing hyperoxidation 
upon all cells, these are catabolized or broken down before they 
can be adequately built up, t.e., anabolized, and, instead of in- 
creased nutrition, we behold gradual emaciation beginning with 
the adipose tissues, which are the first to succumb. Hence the 
use of thyroid preparations in obesity. 

Small doses are, therefore, indicated in all cases to begin 
wdth, 1 grain (0.0C6 Gm.) of the desiccated thyroid in adults, 
for example, and grain (0.033 Gm.) in children over 2 years 
old. Gradually, the dose may then be increased, remembering 
that 3 grains (0.2 Gm.) three times daily should not be exceeded 
— notwithstanding the ^^average dose” of 4 grains (0.26 Gm.) 
given in the IT. S. P., which is excessive. A milk-sugar triturate 
termed iodoihijrin, tliough not as active as the above, is more 
suitable for little children in 1- to 5- grain doses. 

When thyroid preparations are judiciously used, that is to 
say, when their action is controlled by giving only carefully 
adjusted doses, aided by the concomitant use, if needed, of other 
agents — iron, for example — to supply the hsematin necessary to 
build up the haemoglobin molecule; when also with thyroid 
we wish to increase the albuminous moiety of that molecule, 
strychnine when the blood-pressure is too low to insure adequate 
tissue nutrition, etc., results are obtained which soon convince 
the clinician that they constitute a very valuable addition to our 
armamentarium. Especially does this obtain : — 

1. In diseases due to slowed destruction of toxic wastes, as 
shown by its action in tetany, epilepsy, eclampsia, disorders of 
menopause, asthma, chronic rheumatism, migraine, and also by 
those due to slow oxidation of fats, as in obesity. 

2. In diseases due to lowered general nutrition of all tissues, 
including the bones, as shown by its action in hypothyroidia, 
cretinism, myxoedema, and kindred disorders in which calcium 
metabolism obtains — osteomalacia, rickets, and osteomyelitis. 

3. In disorders due to lowered nutrition of the muscular 
elements, including the skeletal and vascular muscles, as shown 
by its action in general adynamia, neurasthenia, and myasthenia. 

4. In all cases in which the processes of repair or abso^tibn 
are deficient, as shown by its action in delayed union 
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tvires, certain benign and malignant neoplasms, and svphilitu* 
tissue and bone necrosis. 

5. In infectious diseases — owing to tiie iiieivnse of auio^ 
antitoxin, thyroiodase (opsonin), and i)liagoeyies— as sliowu hy 
its action in the early stages of tuberculosis, typhoid Fevca*, 
tious tonsillitis, and certain exanthemata. 

The majority of the disorders enumerated above, npart from 
those already reviewed, will be found treated at length in (he 
second volume. In the following pages, however, 1 will in(*lu(l(‘ 
only those conditions which in addition to tliose studied in |iu‘ 
third, fourth, and fifth chapters of tlie present volume, and in 
the second volume, are of special practical im})ortance as a iiM 
for thyroid organotherapy. 

Insanity. — What data we possess on the relations between 
mental disorders and the thyroid apparatus indicate that hoih 
hypothyroidia and hyperthyroidia are equally fruitful in the 
genesis of many psychoses.. Could we clearly establish a line of 
dernarkation between these two states, however, their study 
ivould present no difiiculty; but such is not the case in the 
light of prevailing views. Thus the classic symptoms of myxie- 
dema may be accompanied, especially in the advanced stagt*, by 
mental disorders which are not in keeping with the asthenic 
phenomena that belong to hypothyroidia. The re])ort of the 
Committee of the Clinical Society of Ixmdon showed, for 
instance, that, while a certain proportion of cases of myxeedenna 
suffered from melancholia, the one mental disorder we should 
expect to find in such a depressive state of the thyroid apparatus, 
the majority suffered from dementia, acute and chronic mania, 
delusions, and hallucinations, all of which denote some degree* of 
functional erethism. 

Nor do we obtain aid through the morbid histology of the 
thyroid in insane cases. As stated by Eamadier and Marchandd 
after an examination of 278 thyroid glands of patients who had 
died in four different asylums, it is impossible to establish any 
constant relation between the thyroid changes and the form of 
mental disease from which the patient suffered. 

Yet, there is much to be discerned and there are many 
therapeutic hints to be garnered when these cases are interpreted 

^ Ramadier and Marchand: L'Bncdphale, Aug., 1^8, 
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from the standpoint of the views defended in the present work. 
Thus, taking the influence of the thyroparathyroid mechanism 
upon oxidation and metabolism as factors of the problem, we 
have in hypothyroidia such mental states as melancholia, hypo- 
chondria, and apathetic delusional insanity, with perhaps ideas 
of suspicion. What mental disorders are witnessed in the more 
advanced stage of inyxoedema are also commonly characterized 
as melancholia. So marked is the depressive state in these cases, 
in fact, that the late Lloyd Andreizen^ was led to assert that 
various insanities having a constant and distinct pliysiognomy 
grew in the soil of acromegaly and myxoedema. ^Tn the one 
case (myxoedema)/^ he wrote, morbid process starting from 
tlie thyroid gland affected the whole capacity of the blood in 
regard to its power of taking up oxygen from the air. On 
examining the blood with the mercurial pump, it was found 
that its oxygen and carbonic acid were much diminished, and, 
by placing the individual in the apparatus for examining the 
gases of respiration, it was found out that he took in but little 
oxygen and correspondingly gave out but little carbonic acid 
during lifc.^^ That this sustains my own view that the thyroid, 
partly through its influence on the adrenals, influences tissue 
respiration is obvious. But this, in itself, sustains Andreizen 
in his conclusion that certain mental disorders grow in the soil 
of myxoedema. In other words, we should look upon hypo- 
thyroidia as one of the causes of depressive mental states. 

This, however, fails to account for the opposite phenomena, 
i.e., those we associate with erethism, mania, dementia, and the 
various manifestations in which irritability and excitement are 
prominent. But these signs are also explained by my concep- 
tion of the functions of the thyroparathyroid apparatus, i.e,, that 
it acts as opsonin to insure the destruction of toxic wastes. 
Oxidation and metabolism, particularly its catabolic phase, we 
have seen, being impaired by the existing hypothyroidia, we have 
an accumulation of toxic wastes in the blood, and it is to the 
morbid influence of these poisons on the brain that all manifesta- 
tions, in myxeedema, such as mental excitement, persistent hallu- 
cinations or delusions, and mania, must be attributed. Here/ 
again, Andreizen struck the keynote of the problem, in my opitt- 

> Andreizen; Quoted by Hamilton: Medical Record, April 29, 
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ion, when, in his study of the relations of antotoxin in its? bearira' 
upon insanity, to which the previous quotation belongs, he ri'- 
furred to the presence with weakness, dullness, and subuonnal 
temperature ^^of a tendency to tlie acciiiniilation of iiu oinplelety 
oxidized bodies (fat, etc.)"^ in the tissues. Correct also, from mv 
viewpoint, were the estimates of Bruce, who, in reporting the 
results of thyroid treatment in GO eases, atti’ibuted the im[)r()ve- 

inent noted to the production, by the remedy, of a febrile state - 

quite in keeping with my own view (see page G;^(S) that llic 
thyroid and the adrenals are active in the genesis of fever. 

Such being the case, we can conceive how myxcedcma ami 
hypothyroidia can become the soil not only for depressive mental 
disorders, but also for those in which excitement and cellular 
erethism prevail. It follows also that hypothyroidia should he 
considered as a prominent factor in the genesis of insanity. 
Having in myxoedema undeniable ])roof of the inlluenec? ol the 
thyroid apparatus on the mental equilibrium and a rational ex- 
planation of the pathogenic process, the physiology of these, 
particularly the important role in immunity, should no longer he 
neglected by psychiatrists. Laignel-Lavastijie* closed an able 
study of this subject by the statement that ‘'the existence of 
glandular disorders in psychical syndromes has not as ytt, in my 
opinion, attracted sufficient attention. ISeverthcless tlic existence 
of such disorders in certain cases is undeniable. Irankl Hoch- 
wart^* also lays stress upon this connection. 

Recently, L. Vernon Briggs'^ wrote more pointedly, emplmsiz- 
ing both the role of autointoxication and the neglect of this 
important factor in mental disease: “In many large public and 
private institutions those in charge receive early cases of mental 
disturbance, and watch the toxaemia verge into mania, catatonia, 
and dementia; they notice the acetone breath and are aware of 
the true condition; but little if anything is done to stay tie 
progress of the disease, and to save these individuals. 

As to treatment of this class of psychoses, there is good 
ground for the belief that, intelligently employed in siiita e 
cases, considerable help can be gained from thyroid prepara ion* , 
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McLane Hamilton,® who, with Andreizen, attributes various 
forms of insanity associated with disease of the thyroid gland to 
autointoxication, refers to his own experience and to that of 
Babcock,"^ Clark, and others to the therapeutic value of these 
agents. In cases of stuporous melancholia, cerebral exhaustion, 
and chronic disturbed states of an asthenic type, there was a 
prompt lighting up of the mental condition, elevation of tke 
temperature, and an increase of haBmoglobin in some instances 
of over 20 per cent. They were also found useful in chronic 
insanity with erotic delusions and psychoses in which the 
complete symptom-complex of catatonia was present, and also in 
cases of climacteric despondency. Easterbrook,® using thyroid 
in 100 cases which had proved intractable by other methods, ob- 
tained 12 per cent, recoveries. He found it more effective in 
women than in men, the best results being obtained in mental 
disorders connected with childbearing. Of 22 patients treated 
by Leeper,® 12 recovered; only 1 of these required readmission 
subsequently, all others being, as far as he could ascertain, per- 
manently relieved. Conversely, A. W. Wilcox^® did not obtain 
satisfactory results. His beginning daily dose was 15 grains (1 
Gm.), increased daily by 15 grains (1 Gm.) until GO grains (4 
Gm.) were given daily. 

Very valuable in this connection is a report by Mabon and 
Babcock,^' based on the results of thyroid treatment in 1032 
collected cases of insanity, in which the following conclusions are 
reached: 1. The dose of the extract depends entirely on the 
individual case. In some cases 25 grains (1.65 Gm.) three times 
a day will be necessary to bring about a circulatory or tempera- 
ture reaction, while in others the same results may be had with 
the use of 5 grains (0.33 Gm.) t i, d. Each case must be a 
law unto itself. 2. It is essential that the patient should be* 
placed in bed to obtain the best results, and he should be con- 
tinued there during the entire treatment and for a week follomng 
its discontinuance. 3. The treatment should be continued for 
at least thirty days. 4. We should not be discouraged by failure 

^McLane Hamilton: Medical Record, April 29, 1899. 
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in the first administration, but should resort to two, three, or 
more trials, if necessary. 5. The most ^a-atifyin^r rt^sulls in 
thyroid treatment are to be obtained in eases ot acute mania and 
melancholia with prolonged attacks, puerperal and eliniaetcTie 
insanities, stuporous states and primary dementia, f)ariiiularlv 
where these forms of mental alienation do not respond lo ilie 
usual methods of treatment. G. A high temperature reaction is 
not essential, as the average maxinium temperature in tiu‘ re- 
covered cases among men was 7. Pliysical improvement 

is the outcome in most eases whetlier mental improvement U\kv< 
place or not. 8. The proportion of individuals who recover 
under thyroid treatment and then relapse is less than ihe j)ro- 
poition that relapse after recovery from other methods of Ireat- 
ment. In a series of his cases only one })atient who had recovered 
has relapsed. 

1 would urge in this connection that stnal/ doses of d(*sic- 
cated thyroid, 1 grain (O.OGG Gm.), increased only if mvessarv 
to 2 grains (0.1«‘3 Gm.) at most, be used in these case's, ddiose 
who have criticised the use of thyroid in psychoses ernMl in this 
direction and brought on, l)y excessive doses, the very untoward 
phenomena which they deplore, by loading tlu^ blood with patho- 
genic wastes. 

Hypodermoclysis or eiiteroclysis should also bo used periodi- 
cally to facilitate osmosis and hasten the elimination of all wastes 
through kidneys, intestines, and skin. 

Again, it should be remembered that — at least according to 
my views — the use of thyroid gland enhances tin* vnlnerahility 
of the organic phosphorus to oxidation, and tlmt, tlien*fore, tlie 
consumption of this element is greatly augmentcMl by this agcml, 
as is well shown by the increased elimination of This loss 

should be compensated for, particularly in depressive mental 
states (the brain-cells being rich in phosphorus), by administer- 
ing lecithin, or glycerophosphate. Berkeley/^ though unaware 
of my explanation of the influence of thyroid on tissue phos- 
phorus, found lecithin very valuable in catatonia when given in 
conjunction with small doses of desiccated thyroid. 

In dementia praecox we have the opposite condition, i.e,, 
hyperthyroidia as an underlying cause. As Berkeley states. 


«BerJceley: /W., Jan., 1009. 
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“Exophthalmic goiter cases and cases of catatonic dementia 
pnecox have usually an enlargement of the thyroid gland, the 
bruit over the neck, the high tension and rather rapid pulse, 
accentuation of the second aortic sound, wide pupils, increase 
of the superficial and deep reflexes, and, lastly, a moderately 
small cell lymphocytosis.^^^^ The inference is obvious: excess of 
thyroid activity must be the underlying cause of dementia prgecox. 
Thyroid and other organic agents proved harmful, but partial 
removal of the thyroid proved curative, as first shown by Berkley. 
Yet, as in other forms of insanity, some cases, especially those 
of the hebephrenic tA^pc, have been benefited by thyroid treat- 
ment, as observed by ijevison,^**" Davidson, and others. Dercum 
and Ellis^^“ found in eight autojisies degenerative changes in the 
thyroid and adrenals. 

liriLKPSY. — Inhere are certain features of the pathogenesis 
of epilepsy which the average textbook author seems invariably 
to overlook. Besides the usual array of symptoms, diagnostic 
points, etc., the well-woni and recognized etiological factors; 
intestinal worms, indigestible foods, cicatrices, dentition, fright, 
masturbation, alcohol, lead poisoning, syphilis, uraemia, and that 
great basket of iniquities, heredity, are doing duty as of old, with 
tumors, sclerosis, and nuclear degeneration as local lesions. The 
physician is enjoined to remove the cause in all conditions in 
which this is at all possible, to look to depressants as mainstays — 
with the bromides and chloral in the lead — ^and to think well of 
asylums and retreats. 

The features which seem to be overlooked are peculiar in the 
sense that, from the standpoint of practice, they exceed all others 
in importance. In fact, they constitute the deus ex machina of 
the fit, as it were. Literature shows plainly, for instance, that 
the dominant note in the pathogenesis of the convulsions is 
impairment of metabolism, and that the spasmogenic agent is 
some toxic agent in the blood-stream. Pathological variations of 
vasomotor action, due more or less to a morbid condition of the 
blood, have also asserted themselves so strikingly in the produc- 
tion of fits that some observers have been inclined to regard 

Berkley: fit. 

Levlaon : Hospltalstidende, No. 36, 1909. 
lab Davidson: Australasian Med. Gaz., April 20, 1911. 
i8c Dercum and Ellis: Jour, of Nerv. and Mental Dls., Feb., 1913. 
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them as the foundation of the whole syniptoin-coiuplox. Again, 
destruction of the spasmogenic agent lias been urged by sonio as 
the only reasonable principle of cure in opposition to tlie use of 
bromides and chloral, which tend to increase its formation in tlui 
blood-stream. 

As to the presence of toxic wastes, so able an observer as L. 
Pierce Clark,*'* after a study of 150, ()()() seizures, concludes I hat 
'‘we must see the principle of pathogenesis in an initial to\iu or 
autointoxication,” i.c., “an accumulation of wasl(> products.'’ 
The relationship between the latter and tbe production of epilep- 
tic seizures is further shown by the fact, eniidiasized by I’an 
Gieson*® and many others, that the attacks are more freipicnt 
when gastro-intestinal disorders, especially those due to over- 
eating,. gulping, and constipation, are present than at other 
times. Indeed, Herter’" caused typical tonii; and clonic con- 
vulsions and death in rabbits in forty-five minutes by injecting 
the defibrinated blood of an epilciitic overfeeder, while bloml 
from an ordinary patient did not produce such etl'ects. K rain- 
sky** also provoked characteristic seizures in rabbits in two or 
three minutes and several recurrences with blood-serum obtaimal 
by cupping from a case in status epilepticiis. Geni’” found the 
blood of epileptics poisonous to man also. 'I'hus, he ascertained 
experimentally that “non-epileptic subjects react under injections 
of hypertoxic serum, and present intoxication phenomena that 
are analogous to those observed in epileptics, though less intense 
and unaccompanied with psychic disorders or epileptic attacks. 

The effect of such poisons on the vasomotor nM-hanma. is 
quite as evident. The conjunctiva and face ol the epileptic fioin 
whom Herter obtained the hypertoxic serum referrcul to were 
congested. That this was due to the action of the iimsoti in ns 
blood is shown by many facts. “Certain drugs, nota > y a isin , 
writes Schafer,*” “produce, when injected into the vascu ar 
system, convulsive attacks which are scarcely distinguishable 
from the epileptic fits provoked by stimulation of t le cor e 
cerebri.” Now, all such drugs cause a marke nse o 

“Herter: Jour, of Nenr. and Ment. Die., F^. 

"Kralnsto: Wiener kiln. ^ xxxl, Faso. 11. 19«6. 

“ Cenl: Rlvleta SperimenUle dl PYenlatrla, voi. x»i. 

“ Schafer; "T. b: of Physiol.,” toI. H. P- w* i**"- 
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pressure. This may be shown by compaxison with a few of the 
many other spasmogenic drugs. Thus, while absinthe was found 
to cause intense congestion of all organs examined by Pauly and 
Bonne/® Wood^^ states that “the full dose of strychnine pro- 
duces a rise of the arterial pressure which is enormously in- 
creased during the convulsions.” He refers also to the observa- 
tion of Bezold and Bloebaum, “that when a small dose of 
atropine is injected into the carotid artery near the vasomotor 
centers” . . . “there is an instantaneous rise of blood- 

pressure” — “a great rise,” he subsequently remarks. Cocaine, as 
shown by von An rep, causes “convulsive movements of cerebral 
origin” which “are arrested by section of the spinal cord.” 
Wood also says : “.Certainly the evidence is overwhelming that 
cocaine directly increases the blood-pressure.” The fits caused 
by this drug are precisely those of epilepsy; the syndrome is 
known, in fact, as “cocaine epilepsy.” 

In typical epilepsy the participation of the vasomotor 
meclianism is none the less marked. Spitzka, over thirty 
years ago (1881), attributed the epileptic seizures to the 
“explosive activity of an unduly irritable vasomotor center,” and 
most neurologists regard epilepsy as “a functional vasomotor 
disease.” The blood-pressure is not only high, as observed by 
Frangois-Franck and Pitres, but the speed of the blood-stream 
in muscular vessels, according to Leonard Hill,^^ is from three 
to five times greater than usual — an index of the violence of the 
cortical circulation. Indeed, Weber-^ found vascular lesions and 
extravasations in the cortex and medulla of cases of status 
epilepticus, so great was the force which urged the blood into 
the capillaries. Onuf even found, besides the capillary changes, 
tortuosity and aneurismal dilatations. Victor Horsley** has 
emphasized the importance of congestion of the cortical mantle 
in the production of epileptic seizures. Ito*® caused them in 
guinea-pigs by producing traumatic hyperaemia of the cortex. 

We thus have, as cause of the convulsions, a toxic in the 
blood capable of producing a high vascular tension, and thereby 

“Pauly and Bonne: Gaz. hebd. de mdd. et de Chlr., May 13, 1897. 

Wood: * 'Therapeutics, Its Principles and Practice,*' 13th ed., p, 817, IM. 

22 Leonard Hill: SchMrfer’s “T. B. of Physiol.,” vol. il, p. 156, 18^ ' 

2® Weber: Wiener med. Woch., Bd. xllx, S. 168, 1899. 

2* Victor Horsley: British Medical Journal, April 2, 1892. 

“Ito: Deut. Zelt. f. Chlr., Aug.. 1899. 
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excessive hyperaemia of the cortex. This hypencmia is a 
recognized cause of epileptic seizures; in fatt, as slauvn hy 
rrus,2" gygjj electrical excitation of the cortex cannot jirovoke 
fits after it has been anaesthetized by a local ai>i)li(‘a(ion of 
cocaine. This is not intended to mean iiiat a hiah vasmlar 
tension due to toxics of internal or external origin will pro- 
duce epileptic seizures in eveiy one and any one; wc^re it so, 
the many disorders of the gout series would lila^wise provoki* 
them. What I do mean is, that in all epileptics thr (wnfuhj 
factor of the seizures themselves, and irri‘spective oT th(‘ condi- 
tion which renders the subject liable to them, is a poison formed 
in the tissues or food residues, toxalhumins, and that onr cliii'f 
aim, if we are ever to obtain mastery of the dr-ead <lis(‘as(‘, should 
be to destroy these poisons and prevent their formation. Is it 
by saturating the system with bromides — \vhich lower oxidation 
— that this can be accomplished? Such trcatimmt ignores 
nature’s danger-signals, and gives the spasmogenic poison fret? 
sway. 

What are the weapons at our dis])osal that are cajiahh' of 
causing the destruction of these poisons and of preventing tludr 
formation ? 

• Textbooks on the practice of mediciiu*, including tht* ^dast 
editions,^^ continue, regardless of the admonitions of men of 
large experience to the contrary, to advocale the use of hromidtvs 
as a curative measure. Percy Bryant,*^ ten years ago, empiia- 
sized the fact that the bromides had added another disease? in 
many epileptics, namely, bromism. Spratling,-'' as the* result of 
a (dose study of several thousand cases at the CTaig Polony, (*on- 
(duded that ^^we must not only regard the bromides as pow(?rl(‘ss 
to cure epilepsy but also ^^as capable of doing as much harm 
as they do good as they are ordinarily administered.’’ h. 
i’eterson^® has reported 11 cases in which the mnnl)er oi 
attacks was greatly reduced by withdrawal or marked reduclion 
of the drug: ^^in some cases,” says this nfuirologist, “the 
improvement is startling,” 

In the light of the evidence I have submitted in the fore- 


fJPrua: Wiener kiln. Woeb., Sept. 22, 1898 
Percy Bryant: State Hospital Bulletin, Oct., 18»«* 

“Spratllng: New York Medical Journal. Aug. 19 1905 

*®F. Peterson: Ibid., Sept. 25, 1897; and Amer. Med., June 24, vm. 
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going pages, the untoward effects of the bromides are readily 
accounted for. The seizures are due to the presence in the blood 
of toxic waste products which, by powerfully exciting the vaso- 
motor center, • cause an intense rise of vascular tension and 
violent hyperannia of the cortex. The logical indication is to 
prevent the formation of tliese toxic wastes by measures that 
enhance the oxidation processes through which they are con- 
verted into harmless, readily eliminated end-products. Now, 
the bromides produce precisely the opposite effect: Wood*^ 
states that ^^even small doses of bromide are directly depressant 
to the circulation.” Again : ^Tn mammals the bromide acts 
very much as on frogs, inducing progressive paralysis, depression 
of temperature, and death by asphyxia when given in small 
poisonous doses.” Asphyxia here clearly points to the drug as 
one that impairs oxidation, a fact emphasized by the lowered 
temperature. Chloral, also used considerably in epilepsy, is fully 
as harmful; Bichardson, Hammerstein, and others have found 
that it could reduce the temperature very greatly — 6° C, (10.8° 
P.), according to the last-named observer. 

Of major importance in this connection is the fact that the 
bromides paralyze a mechanism which, from my viewpoint, is 
the patient’s sheet-anchor, viz., the adrenal system. This actif^n 
is sufficiently marked in some instances to cause bronzing 
similar to that observed in Addison’s disease. Bourneville and 
Chapotin,'*^ for instance, refer to Echeverria,®^ who witnessed a 
case in wliich the brow and neck ^Vere markedly pigmented 
brown,” and to others reported by Voisin; in one of these ^^the 
skin of the face was a dark, dirty yellow”; in another it was 
‘^covered with bronze patches liaving no connection with the 
acne.” Inasmuch as it is the adrenal secretion which takes up 
the oxygen of the air to carry on oxidation (as the albuminous 
constituent of haunoglobin) throughout the entire organism, the 
bromides — chloral as well — inhibit precisely the function which 
should be activated. 

On the whole, it is by preventing the destruction of the toxic 
wastes which provoke the fits that these drugs are harmful, and 
it is obvious that their use, under the delusion that they are 

*>Wood: “Therapeutics,” 13th ed., p. 244, 1206. 

Bourneville and Chapotin: Le progrds m€d., Jan. 6, 1900. 

Echeverria: Philadelphia Medical Times, Noy. 23, 30; Dec. 7, U, 187l» 
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curative, can only serve to perpetuate the disease unless used, as 
shown below, with the greatest discretion. 

Another very important feature in tlie trealinejd of thesi^ 
cases, however, is the diet. In some of my cases tliis alone 
sufficed to reduce the number ot paroxysms from several a dav 
to one or two a week, and in one instance to cause their cessalioii 
as long as the patient abstained from the use of certain foods 
and beverages, including coffee and tea. The general princi[)le 
involved in this connection is that we are dealing mainly with 
poisons formed during the breaking-down of worn-out living 
substance, i,e., during catabolism, and that these poisons foiin 
owing to insufficiency of those constituents of the blood which 
carry on catabolism and dcif^troy the toxic wastes. In tin* 
majority of eases the food-intake is excessive, and the (elliilar 
elements are burdened with detritus which cannot ht‘ compUdely 
converted into eliminable products. The blood, therefore, is 
loaded with substances which irritate the vasomotor (enter and 
thus provoke the seizures. 

The practical lesson of this principle is obvious, namely, to 
allow the patient only the (juantity of food strictly nec(.'ssary to 
tlie needs of the body. Indeed, neurologists of wide experience 
have found that tlie best results are obtained when the food 
consists mainly of cereals, milk, fruits, and butler. Some 
include eggs, but others object to them. Meat, if allowed at all, 
should be strictly limited to the midday meal, and even then in 
small quantities. Fats, fried foods, and pastry oftim prove 
harmful. Stimulants which tend primarily to cause a rise of the 
l)Iood -pressure, i.e,^ alcohol, coffee, and tea, should not ))e allowc'd. 
(j1 astro-intestinal disorders sometimes suffice to awaken tlic dis- 
ease. Appropriate treatment, including daily colon- flusliing wilh 
normal saline solution, has proven curative in siicli cases. Th(j 
patient should also be enjoined to drink water freely, in order to 
facilitate the elimination of wastes. 

As to the medicinal treatment, the indications are remedies 
which, as I have pointed out elsewhere,®^ enhance oxidation, the 
beneficial effects of thyroid extract in tetany, tetanus, and puer- 
peral eclampsia affording ample proof of their value. Bourne- 

Sajous: “Internal Secretions and the Principles of Medicine, P 
Monthly Cyclo. of Pract. Med., Jan., 1903; Jour. Amer. Med. Assoc., Feb. im. 
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ville®® found that thyroid extract failed to arrest the seizures, 
and even increased them. But the cause of this is self-evident: 
he gave full doses, and thus enhanced general metabolism so 
actively that he increased the production of wastes. Browning,^® 
on the other hand, caused the ccwssation of convulsions in epilep- 
tics by giving %-grain (0.05 Gm.) doses twice daily. He states 
that these cases ^^are due to or associated with disturbances in 
the general metabolism *of the body^^ and refers to them as 
^^pseudo-epilepsy. All cases of idiopathic epilepsy should be 
considered in the same light if the term ^^pseudo-epilepsy^^ were 
warranted at all, since, as we have seen. Pierce Clark and others 
ascribe the disease to “an accumulation of waste-products.^^ 
Browning’s cases were hona fide cases of epilepsy, and what they 
do teach is that small doses of thyroid extract are alone indicated. 
These, however, as my own observations have shown, must be 
very gradually increased according to the effect on the patient. 
I usually begin with 1 grain (O.OGG Gm.) at each* meal, giving 
a small dose of sodium bromide on retiring at first, if necessary, 
and gradually reducing the dose until none is given at all. 
Some cases are benefited by larger doses of thyroid. Thus, in a 
case treated by a colleague, under my supervision, the nurse, 
through a misinterpretation of instnictions, doubled the dose; 
the result was considerable improvement. Sochting'*®* obtained 
remarkable results also in a case in which hypothyroidia was evi- 
dent — the underlying cause of cases cured with thyroid. 

Osborne^’^ also refers to a number of cases of epilepsy treated 
successfully with thyroid, several cases being in women at the 
time of the menopause and in young girls at the time of puberty. 
There being no assignable lesions for the epileptic attacks, “I 
reasoned,^’ says this clinician, “that they must be purely toxic, 
and that this toxsemia was in excess periodically when the patient 
should have menstruated. Many of these patients had received 
bromides, and, while this postponed or controlled the epileptic 
attacks, general debility and bromism were appearing. In the 
young girls I used thyroid as an emmenagogue, with the belief 
that normal menstruation would prevent the attack of epilepsy. 
I found that it did. I then used the thyroid in the menojMnxse 

“BournevUle: Le progrds m^d., vol. xxiv, p. 20, 1896. 

Browning: Jour, of Nerv. and Ment. Die., Oct., 1902. 
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cases, in some continuously in small doses, and in others a few 
days a month at a possible menstrual epocli. 1 found that [ 
could control and prevent the epileptic attiu^ks as well with 
thyroid as could be done with bromides, and with much belter 
results to the system.” Similar cases have been re])()rted by 
A. Gordon Sicard®*^^ found that bromides coimteracted atdivelv 
the effects of thyroid, while MansoTv'"^' noted the marked valiit‘ of 
thyroid in the epilepsy of cretins — a suggestive relationsliip. 

Briefly, the treatment of epilepsy should liave as main 
object, as I pointed out in 1903,-^'' io activate the catahoJisrn of 
spasmogenic wastes ihrongli the adrenal system and to avoid, 
as a cure, drugs such as the bromides and chloral, which de[)r('ss 
this function. In some instances, the iodides serve a better pur- 
pose; the salicylates (or salicin, 5 grains fO.33 Gm.| three times 
daily) are also effective, as Haig, \^inccnt,'*‘* and oilicrs have 
shown, but both these agents stimulate the adrenal center and 
enhance, therefore, the oxidation processes, ^iich remedies, to 
keep the blood free of toxic wastes; dietetic measures, to rcdu(*e 
the quantity of such wastes formed; and finally, the free use of 
water, to insure the rapid elimination with the urine, sweat, etc., 
of all physiological wastes, constitute a tlierapeutic triad wliich 
soon causes the vasomotor center to lose its irrital)ilitv, thus 
preventing the cortical hyperaemia to whicli the convidsions are 
due. A small dose of strontium bromide at night, to reduce the 
hypersensitiveness of the vasomotor center, may be used, but if 
progress is made without it no bromide had better be given. 

Isolated cases in which thyroid proved of value have been 
reported by a number of observers, who in most instances specify 
that the bromides had proven ineffectual. A series of 0 cases 
in whicli hypothyroidia was discernible were treated by A. 
Gordon.*® In these cases a remarkable change took place, both 
in the general condition and in the frequency of the epileptic 
seizures. On the other hand, Pierce Clark*^ used thyroid in 5 
c ases, which failed to be ^^attended with very good results.” Two 


Gordon: Penna. Med. Jour., Feb., 1910. 
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points stand out prominently in these cases: (1). the dose was 
too large, the initial dose being 5 grains (0.33 Gm.) t i. d., and 
(2) cases were selected ‘^in which epilepsy had been a promi- 
nent feature in the patient^s life since early infancy Obviously, 
in the latter instances we were dealing with advanced gliosis, 
which precluded all hope of cure. Yet, as Pierce Clark says, 
^^all seemed to be benefited for the time being.” Even when 
tliere is marked gliosis, small doses of thyroid, by preventing the 
formation of the tidal waves of spasmogenic wastes, will greatly 
reduce the number of paroxysms if the diet is carefully adjusted 
to the particular needs of the case. But the best results are 
obtained, as shown in my own practice, when we have reason to 
believe that little or no sclerosis is present, and when there is 
evidence that the underlying cause is hypothyroid ia. 

Obesity. — ^The fact that thyroid preparations in sufficient 
doses promote the rapid combustion of fats has caused them to 
be used extensively in this disorder. Given indiscriminately 
and empirically, in excessive doses, their use has often been at- 
tended by distressing after-effects, including asthenia and dis- 
orders of vision. When thyroid preparations are employed with 
due discernment in properly diagnosticated eases, they not only 
procured marked loss of weight, but also improvement in the 
patient’s general well-being and health. 

The cases in which thyroid gland is scientifically indicated 
are those in which some degree of hypothyroidia exists, and in 
women in whom panhysterectomy, by removing two organs rich 
in adrenal rests, the ovaries, has greatly reduced the oxidative 
power of the blood — a deficiency which affects morbidly the 
thyroid apparatus as it does all other tissues. In the latter class 
of cases, therefore, hypothyroidia is also the foundation of the 
obesity. This may be said also of destructive disorders of the 
pituitary body which, by depriving the thyroid of its functional 
impulses, reduce its functional activity. Briefly, in all cases of 
obesity in which thyroid gland is rationally indicated, the feature 
to determine is whether directly or indirectly hypothyroidia 
underlies the adiposis. 

In very filild cases, the underlying cause is sometimes d^- 
cult to determine; but as a rule, some, very few perhaps, of tpie 
typical signs of hypothyroidia may usually be discerned on 
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inquiry. These are chilliness and subnormal temperature, cold- 
ness of the extremities and sensitiveness to cold; fati^mo on 
slight exertion; constipation with tendency to tenesmus'^ more 
or less frequent attacks of migraine, '"sick lieadaches'" witli 
nausea, vomiting, etc., and other periodic manifestations of 
auto-intoxication — due to inadequate reduction of waste-prod- 
ucts and their retention in the blood. The skin taking pari, in 
the process of elimination, urticaria and eczema may l)i‘ found 
in the history of the case, while transitory (edemas of the hrow, 
around the eyes, and sometimes of the facc^, even in th(‘ ahsmuH' 
of albuminuria or casts, may also have occurred. h]nnresis is 
commonly observed in fat, pasty children of this type and may 
persist to adult age. The patient may he subject to fre(pient 
catarrhal disorders of the respiratory passages, usually ascribed 
to colds, but due mainly to vascular and glandular relaxation. 
A tendency to early alopecia, including the eyebrows (es))e(*ially 
their outer third), is also noticeable in some instances — a sign 
of deficient general nutrition which coincides with a marlaid 
proclivity to early senility. The supraclavicular pads are some- 
times discernible when the adiposis is not excessive. Even in 
the latter ease sometimes the pads project beyond the general 
level. 

In women, the menstruation appears late owing to retarded 
development, and there is a proclivity to metrorrhagia due to 
laxity of the muscular coats of the uterine arterioles, while pelvi(^ 
disorders are apt to occur owing to deficient support of tiu? 
uterus, lack of tone in its muscular elements. Leucorrlnea is 
also frequent owing to relaxation of the glandular eliunents ol the 
whole genital tract. Such women conceive readily, but abortion 
is very frequent among them; if the fcctus is carried to the 
normal period, they have little or no milk. If the obesity is 
marked, sterility is the rule; but when such patients are given 
thyroid gland and their obesity is reduced, they readily become 
pregnant, as observed by Hertoghe, Montgomery, and others. 

Cases of obesity due to hypothyroidia also afford, as a rule, 
quite a clue as to the presence of this condition, by the statement 
that none of the dietetic ‘Wes’" seemed to improve their condi. 
tion. Indeed, most of thenx complain of having been made 
worse, This is readily explain^ by the fact that their hypo- 
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thyroidia could only be aggravated by deficiency of food and 
forced exercise. 

Contraindications to the use of thyroid preparations in 
obesity have been elaborated by various observers; but perusal 
of their work indicates clearly that they have been administering 
excessive doses. Several lives have been lost under these condi- 
tions, and many others have been lost by self-drugging. Large 
doses are always dangerous in the obese, since the heart is itself 
invariably fatty, while, conversely, small doses are always helpful 
because they very gradually rid the heart of the fat which 
compromises its functions and eventually causes death — ^when 
the patient has not been carried off by some intercurrent dis- 
orders. Even moderate doses have not proven harmful wdien the 
patient was under medical surveillance. 

The dose of desiccated thyroid need not exceed 1 grain 
(0,066 Gm.) three times daily in any case. This suffices to 
cause a decrease of weight of from 1 to 3 pounds a week, and 
sometimes more, Anders^^ having observed in 2 cases under this 
dose ^^a progressive loss of weight at the rate of 4 to 6 pounds 
per week, respectively, without injury to the general health.^^ 
Such doses do not impose upon the patient the need of modifying 
his usual mode of living and his diet need not, unless excessive, 
be altered. Occasionally, the dose must be gradually increased 
to 2 grains (0.13 Gm.) three times daily, but this is seldom 
necessary. 

When the obesity is accompanied by weakness, the appetite 
is usually increased, especially when, as is my custom, grain 
(0.0013 Gm.) of strychnine is given with each dose of desiccated 
thyroid. The patient does best under these conditions, when 
lean meats, plainly broiled, roasted, or stewed, constitute the 
increase of his dietary. This treatment is valuable in another 
direction : it tends to counteract any tendency to constipation 
that may be present. 

The untoward effects most frequently met with in obese . 
subjects are of cardiac origin: marked discomfort in the pre- 
cordia; dyspnoea, with tendency to heart-failure. In^^ffiie 
instances this has been followed by death, when maiS:ed 
degeneration happened to be present. But, as stated, theso^^^l 
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occur when small doses— 1 grain (0.066 Gm.) of tlie dosiocatinl 
thyroid— are used. Even the greatest watchfulness will Hot 
prevent toxic effects when large doses are administered, since tlie 
accumulation of the thyroid principle proceeds at a rapid rate 
and the milder symptoms of thyroidism are almost at once fol- 
lowed by its. acute manifestations — those previously descrih^'d. 

Adiposis Dolorosa; Dercum's Disease,— \h\\\u^ ]ia,l no 
personal experience in the treatment of tliis rare disease, the 
following quotation from a comprehensive article l)y rrofessor 
Dercum, soon to appear, is presented : — 

^^n the treatment of adijiosis dolorosa one remedy lias 
in a few cases proved of value, and that is thyroid sul)stanc(‘. 
This should be given in doses of from to 5 grains (O.Kirj 
to 0.33 Gm.) three times daily, for a very long time. The 
salicylates, notably aspirin, arc of decided value in relieving 
the pain. The best plan of procedure, as a matttu* of coursi*, 
is to place the patient in bed, and to institute a systematic 
course of treatment. The rest should be absolute and should 
extend over several months of time. 

^^The patient should be weighed wlien treatnumt is begun 
and thyroid substance given at first in small and then in 
somewhat larger doses. At the same time a diet should b(^ 
instituted that is largely free from carbohydrates and fats. It 
should be remembered, however, that a diet, no mailiw how 
rigid, will of itself make no impression in adi])osis dolorosa; 
it will fail absolutely. It is, of course, wise to institute a 
careful diet, but patients do better when the diet is not too 
strict. Inasmuch as the affection is attended by a marked 
asthenia, the diet should be nutritious. It should consist ol 
the red meats in moderation, the white moats freely, the sm*- 
ciilent vegetables, eggs, and skimmed milk. The latter ('an 
be used between meals, and, if necessary, also at mealtimes. 

^^The pains are not infrequently controlled or, at least, 
made better by aspirin or salophen in full doses, 10 or 15 grains 
(0.66 or 1.0 Gm.) three times daily after meals. Sometimes 
the tenderness and soreness are better borne when the limb or 
part affected is gently supported by a flannel roller; if the 
tenderness be extreme a layer of cotton-wool may first e 
applied. 
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^^Just as soon as the tenderness permits, gentle massage 
should he instituted; sometimes this can never be employed; 
in other cases, again, it can be instituted comparatively early, 
and there can be no doubt that in a measure it favors the 
diminution of the swellings, especially if the patient can bear 
(l(‘ep kneading. Bathing between blankets, as in ordinary rest 
treatment, should also be carried out, but of themselves baths 
accomplish nothing in adiposis dolorosa; indeed, the physical 
(‘xertion and manipulation attendant upon the application of 
ordinary hydrotherapeutic measures in these cases exhausts 
the patient. 

^‘It is a good plan to keep a record of the pulse and tem- 
perature during thyroid administration, although the writer 
has never observed any fluctuations of moment in these cases, 
even when the thyroid was pushed. The patient should, of 
course, be weighed from time to time, and the dose of thy- 
roid modified according to the impression made. In some 
cases no impression whatever can be made; in other cases, 
again, the impression is decided. In 3 cases of the writer the 
result was most satisfactory; 2 of these were treated sys- 
tematically by rest in bed; the third could not, for certain 
reasons, be put to bed. In all 3 the improvement in the 
size of the swellings and in the lessening of pain was very 
great. Treatment was carried out six months to a year. In 
1 case the affection recurred at the end of two years, but was 
again controlled. In the second, improvement and practically 
good health has persisted for four years. The third was 
greatly improved, and has disappeared from observation.^^ 

Goiter. — As Rogers^'^ states: ^‘Simple goiter, or hyper- 
trophy of the thyroid gland, is usually considered to be a 
disorder which is entirely distinct from Graveses disease, and 
to represent a totally different pathological process; but there 
are many reasons for doubting this conclusion and for sug- 
gesting something of the same pathological physiology, at least, 
in the origin of both exophthalmic goiter and simple goiter/^ 
Yet we are confronted with the fact that thyroid preparations 
are often useful in goiter, whereas in the active or ere^thic 
stage of exophthalmic goiter it is harmful. This is explaii^» 

Rogers: Annals of Surgery, Dec., 1909. 
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from my viewpoint, however, by the fact tliat we arc dcaliivr 
in goiter with a compensative reaction very siniilai to ihn\ 
which occurs in cases of exophthalmic goiter, as jircvioiislv 
stated. The presence of some toxic in the blood (goiters aiv 
now generally ascribed to the presence of some niiknown toxi(* 
in the drinking water of the regions in which they occur en- 
demically) creating a demand for an increase of thyroiodast^ 
as one of the antitoxic constituents of tin* blood, the organ 
is unable to furnish it. Being subjected to undue stimulation, 
the local expression of which is excessive vasodilation, it be- 
comes enlarged, i.e,, goitrous. Briefly, in those cases in which 
thyroid preparations are effective, the goiter is the result ol* 
a toxaemia which the added thyroid substance helps to coun- 
teract as one of the physiological antitoxic agents. 

In some of these cases, however, both iodine and thyroid 
gland seem to produce pernicious efi[*ects. Vavu minute doses, 
as observed in one of my cases, suttice sometimes to ])ro(luce 
distressing symptoms. It is always advisable to l)egin witli 
fractions of doses and to increase gradually until tlu^ lume- 
licial dose. Beginning with ^/2 grain (0.0;b‘i dm.) three limes 
a day, the dose can be raised gradually to 2 grains (O.lo dm.), 
but in most cases 1 grain (O.Oflfl Grn.) suflices to conijamsabi for 
the inability of the organ to supply the volume of tliyro- 
■parathyroid secretion required by the organism at larg(\ 

The dietetic and other measures indi(*atc‘(l in these cas(*s 
arc those recominended for exophthalmic goiter, to which the 
reader is referred (page 229, this volume). The groat value 
of surgical intervention is not to be overlooked, however. In 
competent hands the post-operative mortality has been prac- 
tically reduced to nil, and when we consider that a simple 
goiter may assume the more formidalfle type of exophthalmic 
goiter our duty is to afford the patient this, tlie sun'st, guar- 
antee against it when medical treatment, including the use 
of thyroid, fails to turn the tide toward recovery. 

Chronic Rheumatism. — I n the treatment of this disease 
we owe much to the patient labors of Leopold-Levi and 11. 
de‘ Rothschild.*^ 


^ L^opold-L^vl and Henri de Rothschild: 
du^ Corps Thyrolde et de I'Hypophyse/’ 1908; “Nouvellw Otudes sur la pny 
pathologle du Corps Thyrolde et des autres Glandes Endocrlnes, lyii. 
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These leave no room for doubt that thyroid gland is of 
great value. In a series of 39 cases ranging from the ages of 
12 to 75 years, 32 were greatly improved, cure being obtained 
in 2 severe cases. All the concomitant symptoms, such as 
oedema, neuralgia, etc., were favorably influenced ; it increased 
the appetite, caused the cardiac anginas end all neural phe- 
nomena to disappear. 

Two examples of the results obtained will serve to illus- 
trate both the treatment resorted to and the doses employed. 
Both were cases of chronic rheumatism with hydrarthrosis. In 
one of these the hydrarthrosis followed a fall from a bicycle, 
and was the precursor of attacks of muscular rheumatism, all 
the joints being gradually involved in the morbid process. Not- 
withstanding seasons at Aix-les-Bains, Dax, and other stations, 
the patient became quite impotent, having even to be fed. The 
usual remedies proved unavailing, though aspirin and iodine 
seemed, at least for a while, to be of some benefit. The pa- 
tient’s condition becoming steadily worse, thyroid extract was 
tried, beginning with V/j grains (0.1 Grn.) every other day 
during ten days, followed, after five days, by resumption of 
the remedy; then giving again only grains (0.1 Gm.) every 
other day. This dose was gradually increased until, eleven 
months later, the patient was taking 7^2 grains (0.5 Gm.), in 
divided doses, daily. Good results have also been recorded by 
Bevilliod, Lancercaux, and others. 

The interpretation, of the pathogenesis of rheumatism 
I submit elsewhere in this work affords an explanation 
of the manner in which these results are obtained. Briefly, 
from my point of view, rheumatism is due to the presence in 
the blood of any toxin, or toxic, especially toxic wastes derived 
from excessive tissue metabolism, capable of exciting violently 
the adreno-thyroid center, and of increasing to an abnormal 
degree, therefore, the functional activity of the adrenal sys- 
tem. The proportion of adrenoxidase in the blood being very 
greatly increased, as shown by the tendency to hyperthermia 
and the anaemia (due to haemolysis), there occur (1) hypercion- 
striction of all vessels owing to excessive metabolism in their 
muscular coats, and, as a result, hyperaemia of all 
(which are not provided with such a coat), including 
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the serous membranes, especially those of the joints, mnt also. 
(2) as a result of hyperoxygenation of the pnneveas and leu- 
cocytogenic tissues and hyperstimulation of tlie thyroid ap- 
paratus, an accumulation of autotoxic bodies in the hlood- 
plasma, and effusion into the joints, serous nieinhraiies. glandu- 
lar elements, etc. Hence the swelling, heat, severe jtain. accu- 
mulation of fluid, and the inflammatory lesions, including ero- 
sion in the joints; hence also the marked i)redileclion of 
serous membranes, the pericardium and endocardium, the 
myocardium, the tonsils, etc., to intlammation ; hence, tinally. 
the fibrous adhesions in the joints and around the neighhoring 
structures which provoke ankylosis. 

While the toxins of various haeteria, the staphylococcus 
citreus, the micrococcus lanceolatus, the gonococcus, may stim- 
ulate the test-organ sufficiently — especially in individuals in 
whom this organ is hypersensitive — to provoke acuie rheu- 
matism, it is caused in most cases by intermediate toxic waste- 
products which appear in the blood as a result of exposure lo 
cold and the resulting .hypocatabolism — the (adlular trypsin 
failing, when the local temperature is below normal, to break 
down adequately wornout cell material. 

Chronic rheumatism differs from the foregoing, in that the 
cause of the disease is inadequate catabolism of tissue wastes 
and excitation, by the toxic products formed, <)f the vaso- 
motor <!enter, while the pathogenesis of the joint lesions in- 
cludes more or less increase of the vascular tension, as in lh<‘ 


acute form. 

Under these conditions, it is obvious that thyroid gland, 
by increasing the proteolytic activity of the blood, piomoto 
destruction of the toxic wastes which underlie the disease. 

Analyzing L4vi and de Rothschild’s results from this view- 
point, the manner in which they were produced by u " 
.wiaU doses becomes self-evident. Thus, increase o ap])e i - 
was the first effect noted; this is a normal result, since i ‘ 
greater cellular activity and catabolism created a grea ( r < i 
mand for foodstuffs. Increased heat production soon replace 

the marked and constant chilliness from which t le pa len , 
fered— an effect due to the marked ® 

thyroid extract engendered throughout the o y. 
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was increased to grains (0.1 Gin.) one day, then to 3 grains 
(0.2 Gni.) the next, tliis being continued ten days. After a 
period of rest of five clays, 3 grains (0.2 Gm.) were again given 
daily. The pain became less — a fact due to decrease of the 
vascular tension, owing to increased destruction of the toxic 
wastes which excite the vasomotor center, thus causing con- 
striction of all arteries. The sensory nerve-tenninals being 
relieved of the hyperannia which caused the pain, the latter 
became less marked in proportion. Closely connected with 
this beneficial action was the effect on the joints, viz. : the 
hydrarthrosis became reduced. Being also due to excessive vas- 
cular tension, it is plain that, by causing vasodilation in the 
manner just explained, thyroid extract caused the excess of 
fluid to leave the joints. The dose being still further increased 
until grains (0.5 Gm.) were taken daily, emaciation occurred 
— a well-known effect due to excessive catabolism provoked by 
large doses of thyroid extract. 

Eleven months’ treatment brought I./eopold-Levi and 
Rotlischild's case back to a condition of comfort, the joints 
having resumed their shape and flexibility — with the exception 
of one knee, which remained ankylosed — OAving doubtless to 
fibrosis, a condition beyond the reach of the remedy. This 
does not militate against its use, however; it simply shows 
that the treatment was resorted to too late to avoid irre- 
mediable organic lesions. Kheumatism with eczema and epi- 
lepsy ill the child also disappeared under thyroid treatment in 
a case of Leopold-Levi’s/^* 

In a case treated by Parhon and Papinian^® thyroid ex- 
tract produced, though the disease was of twenty- four years’ 
standing, ^^a true regeneration.” When 7^2 grains (0.5 Gm.) 
in five divided doses daily had been given some time, palpi- 
tations, tachycardia, and arrhythmia appeared. On withdraw- 
ing the remedy tliese untoward effects ceased, but recurred as 
soon as its use was resumed. This affords additional evidence 
in support of a fact I have often urged, viz. : that the best 
effects of thyroid extract are obtained with small doses. 

These results have been confirmed by other observers, 

Lr6opold-L6vl: Soc. de M6d. Paris, Oct. 28, 1911. 

Parhon and Papinlan: Presse mdd., No. 1, p. 3, 1905. 
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notably by Combe, F. Claisse/« Sonques/’ Monard/'^ (daisso aiul 
Vincent/"* and more recently by Steel e-Perkii,s^’»^ and Wilson^'*' 
Though thyroid products act very gradually, and require ])ati(‘nee 
and careful watching, tlie method is a very promisiinr oi^'. 

Enuresis. — In many instances tins condition is due to 
general asthenia, and the muscular debility which attends this 
state carries along with it inabilUy of the spliincters to perform 
their functions at all times, especially when, during sleep, general 
relaxation prevails. The influence of thyroid on general nietah- 
olism and nutrition and the resulting increase of functiomd 
power in all organs affect equally both the cystic and urethral 
sphincters and thus overcome the trouble. 

According to Hertoghe,"’"* nocturnal incontinence of urine in 
young children and adolescents is due to tliyroid insufriciencv. 
He observed a number of cases in which the use of thyroid ex- 
tract was followed by improvement or cure. Children wiio 
suffer from incontinence are often undersized, and tl)ey present 
the infantile habitus in varying degrees — impro|)erly placcul 
teeth, nasopharyngeal adenoids, flat chests, and emaciated and 
slender extremities. Such patients — those in which thyroid 
gland will prove beneficial — are often flat-footed and their feed 
have an offensive odor, their gait is stitf, they suffer from pains 
in the thighs and from sciati(*a produced by the cold and moist 
surroundings in which they lie at night. The systematic ex- 
amination of the urine in these cjujes shows an abundant deposi- 
tion of the cells covering the free surface of tlie cystic; mucosa. 
In children beyond 2 years of age Hertoghe gives 2 grains (0.13 
Gm.) daily with 3 to 5 grains (0.2 to 0.33 Gm.) of potassium 


iodide and the bromides on retiring. 

Additional signs are subnormal temperature, deficiency of 
hair in the external third of the eyebrows, as obs(*rved ])y 
Leopold-Levi and de Eothschild; scaphoid scapulT, delayed 
^pipl^hYsial development, as determined by the X-rays, and ade- 
noid vegetations. In such cases removal of the latter fails to 
benefit the patient. Thus, Leonard Williams®^ reported a case 


"Clafsse: Klfnlsch-therapeutlscbe Woch., S. 9^9, 1899. 

^^Souques: Ibid., p. 1003, 1908. _ , . ^ •rott iook 

^«M€nard: Tribune mddlcale. No. 9, ' 

Claisse and Vincent: Mttnch. med. Woch., S. J^667, 190«. 

Steele- Perkins: London Lancet, March 5, 1910. 

Wilson: British Medical Journal. Dec. 10, 191«* , No. 4 , 1907 . 

^Hertoghe: Bull, de P Acad. Roy. de M6d. de Belgique, voi. xxi. in o. , 

Williams 1 London Lancet, May 1, 1909. 
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of enuresis in a 9-year-old boy in which he tried removal of the 
adenoids. The operation made the boy much worse, however, 
and, believing that the removal of the adenoids deprived the boy 
of a necessary internal secretion, he then gave him thyroid ex- 
tract, y 2 grain (0.033 Gm.) twice daily. The result was instan- 
taneous and complete, the boy no further wetting the bed. 
Twenty-four other cases were thus treated. Only one of these 
proved rebellious to the treatment. The essential point to 
remember is that thyroid gland is useful mainly in cases in 
which there exists hypothyroid ia, some sign of which can always 
be discerned if it is at all present. Firth obtained marked 
improvement in IG out of 28 cases with small doses, especially 
when the enuresis had persisted since birth. 

Skin Diseases. — A prolonged trial of thyroid preparation 
in many diseases of the skin has led dermatologists to the con- 
clusion that they were indicated in disorders due to deficient 
metabolism. As stated by Winfield, these include the erythem- 
atobulbons type, which includes dermatitis herpetiformis, and 
the psoro-eczeinatous type, to which belong prurigo, psoriasis, 
and chronic eczema. 

This is explained by the action of thyroid products on 
oxidation and metabolism, as is well shown in the effects noted 
by Don : 1. Increased nutrition of the skin ; hence its probable 
remedial action in ichthyotic conditions: an effect produced 
without any necessiary abnormal perspiration. 2.. Increased 
action of the cutaneous glands, accelerating excretion of waste- 
products, thus keeping the surface in a supple condition. 3. 
Kegrowth of hair, as shown in myxeedema and some cases of 
general alopecia. 4. Increased activity of the epidermal layers, 
causing desquamation of unhealthy epidermis and reproduction 
of a new covering, as observed in ichthyosis, psoriasis, dry 
chronic eczema, and nt times in myxeedema and cretinism. 

Eason®* reported several consecutive cases of eczema in 
young children successfully treated by thyroid. In the first case, 
14 months old, the baby had suffered from eczema of the 
face for nearly a year. This had been entirely resistant to the 
usual applications and internal treatment; nor was 

“Eason: Scottish Med. and Surg. Jour., May, 1908. 

Firth: London Lancet, Dec. 2, 1911. 
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treatment more efl&cacious. Two and a lialf grains (0.1C>5 Qm ) 
of a thyroid tablet was given daily. In a little more (lian one 
month the child was entirely well, llis evire persisted lor 
nearly a month, when the disease showed a tendency to remir. 
The second course of thyroid was followed l)y a pennaiuad eiiiv^ 
The 4 other cases gave similar results. Monssons'*'' ohservinl ‘2 
eases of eczematous seborrhina suecessriilly treated witli thvroid. 
In the first case the scalp was normal at tlie (aid of two wi‘eks; 
in the second in one month. Completes cure ocenrn'd in l>olli 
cases, and has persisted. 

In psoriasis thyroid is harmful when the eruption is di'- 
veloping, but it sometimes acts with surprising ellicacy in fnllv 
developed cases. The untoward elTcK'ts observed hy dermatolo- 
gists, however, are in great part due to tlie fact that tla'v iis(‘ 
too large doses. These, as previously stahnl, (mhaiu'e metaholism 
violently and increase the waste-products in tluj blood and then'- 
fore the cutaneous disorder. 

Pedrazzini®^ observed 5 cases of scleroderma, in 4 of which 
the thyroid was small and atrophied, wliile in tlie other thi! 
thyroid was large and hard. Thyroid treatment gave good 
results in the two in which it was applied, commencing wilh 
small and progressive doses. None of tlie patients pn‘sent(‘d 
signs of nervoTis changes suggesting atrojihic origin, but every- 
thing confirmed the assumption of some conneedion l)etw(*en the 
cutaneous affection and the thyroid gland. 

Thyroid has been tried in hipus by a number of observers. 
Though the results were contradictory, the bulk of the (*vid(m(‘e 
indicates that it is worthy of more extensive trial. Owing to its 
influence on oxidation it enhances the nutrition of the skin and 
thus antagonizes the destructive process while promoting that of 
repair. As full doses have to be used during a prolonged period, 
tile patient should be carefully watched. Thyroid has been tried 
in leprosy^ but the results were not encouraging, though the 
remedy was pushed as far as safety would allow. 

In a case of hypertrophic rosacea which has resisted all 
forms of treatment, Isadore Dyer, of New Orleans, used thyroid 
with, for local use, a salve containing resorcin rose water 


“Moussous: Archives de mdd. des enfants. Mar., 1908. 
Pedrazzlni: Qaz. degli Ospedali, Aug, 1, 1909. 
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5iv; lanolin ad After two months there was decided 

improvement, the skin being soft and normal to the touch and 
the color greatly improved. The patient was discharged cured 
after three months of thyroid medication. 

H^'emopkilia. — The various preparations of thyroid gland 
are extremely valuable in this dyscrasia, due to a deficiency of 
fibrin ferment in the blood. As this body, according to my re- 
searches, is mainly composed of the adrenal product, the in- 
creased functional activity of the adrenals, provoked by thyroid 
])reparations administered, increases the blood^s asset. The 
coagulation time in haunophilia may be brought down from over 
ten minutes to three or four minutes in adults by 3-grain doses 
of the desiccated tliyroid three times daily after meals. This is 
equally effective when operations become necessary. 

Examples of the value of thyroid gland in a large propor- 
tion of cases of haemophilia (we might say all, for the cases 
of recurrent haemorrhage in which it fails are doubtless due to 
other causes) are now numerous in literature. Combemale,*^® 
for instance, cites the case of a woman who, for the preceding 
two years, had been suffering from haemorrhages from the larynx. 
She was covered with purpuric spots, her gums bleeding. She 
was extremely weak and exhausted. Treatment with thyroid 
tablets was commenced; in ten days very marked and evident 
improvement; there was no purpura, no bleeding from the gums. 
In ten more days she had perfectly normal menses; all other 
haemorrhages stopped. SchefUer®” reported a case in which 
haemophilic epistaxis was absolutely unaffected by ordinary 
therapeutic agents, and the epistaxis became so persistent and 
exhausting that permanent blocking of the nasal fossa was neces- 
sary. Treatment by thyroid extract exerted an immediate and 
beneficial effect, and was followed by cure. In three days the 
violent and persistent epistaxis had practically stopped. In six 
days, about 8 grains (0.53 Gm.) of thyroid gland having been 
given daily, the purpuric eruption ceased. A marked case in 
which the patient had become extremely aneBmic was also re- 
ported as recovered by Rugh,®’’^ under the use of 5-grain (0.33 
Gm.) doses three times daily. 

^ Combemale: La m^declne moderne, April 30, 1898. 

Scheffler; Archives de mdd. et de pharm. militaire, March, IfiDA 

®’Rugh: Annals of Surgery, May, 19Ci7. 
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The value of thyroid in the preparation of luvinopliilio 
cases for serious operations is well illustrated by W. d. Tavlor*" 
in 3 cases. The coagulation time was reduced willi ;i‘orain 
{0.2 Gin.) doses three times daily from twelve minutes to tlnee 
minutes, and the operations, including a nei)]irect()niy, proved 
drier if anything than if they had been pcMformed \n a noii- 
haraophilic subject. The desiccated thyroid on the niarkt^t. 
especially the standardized product, being stronger tluin Hint 
available in former years, 2 grains (0.12 (hn.) Ihree times daily 
need, not be exceeded even in these cases. 

SrmucAL Disoudeus.— We luive seen Unit in 11)07 1 ])oinied 
out tliat the thyroparathyroid secretion corresjionded willi what 
Sir A. E. Wright has termed opsonin. During the same yc'ar 
T urged that thyroid preparations, owing to their infliiem-o on 
oxidation and their power to increase both the opsonins and tlie 
germicidal activity of the blood, were indicated in llie carlij Hltuje 
of tuberculosis — ^mainly on account of the content ot* tlie luberele 
l)acillus in phosphorus, viz.: 55.23 per cent, of its aslies — a facd 
sustained clinically. Keccntly, Frugoni found not oidy that 
thyroid gland markedly raised the o])sonic index of tuberculous 
animals, but also the active germicidal power of their Idood. 
That this should entail in the surgical field markcMl progress in 
the treatment of all conditions due to tubereulosis is self-evident. 
In hip- joint disease and other tubercular bom ffrocesses, for 
example, thyroid is clearly indicated. 

Besides its powerful stimulating action on the dcvfensive 
functions, thyroid gland, as shown by Parhon, l\raealliim, and 
others, hastens calcium metabolism. This accounts for its vahuj 
in osteomyelitis and rJiachitis. We have striking evideiue of its 
efficiency in the treatment of deficient metabolic activity in 
osseous tissue in the rapid growth of the skeleton in cretinism 
1)1 ought about with its aid. This has suggested its use m delayed 
union in fractures — ^where it is valuable only when nioie oi less 
hypothyroidia exists — and accounts for its greater value for this 
jiurpose in the young than in the adult, its therapeutic action m 
this class of cases growing less as age advances. 

Another indication for thyroid preparations, owing, how- 
ever, mainly to their influence on general oxidation anc me am 


“Taylor; Monthly Cyclopaedia, July, 1W5. 
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lism, is in hypothyroidia in operated svbjects. The presence 
of this condition, a larval and covert form of myxoedema in- 
dicated mainly by a tendency to obesity, cold hands and feet, 
dry skin, brittle hair perhaps, mental and physical torpor, 
rheumatic pains in the occiput and back usually treated un- 
availingly for rheumatism. Here deficient oxidation and 
metabolism entail a correspondingly deficient production of 
opsonin and other protective bodies. Such cases are readily 
infected, and their recovery after any operation, even sometimes 
after a trivial one, is unusually slow. A preparatory course of 
thyroid gland transforms completely such a case into one in 
which the chances of a successful result are as good as in a 
normal individual. 

In febrile infections the thyroid gland is sometimes so 
active that it becomes enlarged and even quite painful. This is 
now recognized as a distinct effort to raise tlie protective process 
to adequate efficiency. In surgical diseases such as septiccemia 
and erysipelas, aid afforded to the gland by administering thyroid 
preparations has been found to curtail these diseases. It fulfills 
in a measure the role of antistreptococcic serum. This applies 
also to stipjfnirative processes of all sorts due to general adynamia ; 
the rapidity with which it produces beneficial effects in this 
class of disorders is sometimes striking. This applies also to 
suppurative processes situated in special organs, such as eye, ear, 
nose and throat, and the sinuses. 

When the purpose is to increase the germicidal and anti- 
toxic power of the blood, and also phagocytic activity, in any 
of -the foregoing disorders, excepting pulmonary tuberculosis, 
the dose required must be somewhat larger, but not excessive. 
A condition similar to Wright^s negative phase in vaccine therapy 
is readily brought about by excessive doses. In the laboratory 
such doses decrease instead of increasing the resistance of 
animals to infection. Again, as personal investigations hate 
suggested, there is good ground for the belief that the so-called 
untoward effects observed under thyroid medication are closely 
allied to anaphylaxis. Two grains of the desiccated gland in 
tablet form slowly increased to 3 grains, three times a day, M 
the maximum that should be administered in the adult, ftBtd 
the patient should be carefully watched to forestall auy 
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action of the remedy. The best indication of any initoward 
effect, we have seen, is the pulse. Any eonsideiahlc quirki‘niii«r 
or palpitation indicates that the remedy should he discontinued 
a few days, then resumed in smaller doses. A^ain, the pivpara 
lions on the market vary in strength. The al)ove dost' r(d\‘i-s to 
Armour's or Burroughs, Wellcome & Co.'s dt'sict'ali'd (rlan.l 
which is standardized two-tenths of 1 per cent, of organic iotlinc. 

In cancer, as will be shown in the second volume (set' ])agi‘ 
i;389), thyroid gland is valuable in inoperable (ases and alter 
extirpation to. prevent recurrence. As I cm])hasized in IDo;, 
however, its best effects in the treatment of the disease an; 
obtained when X-rays or radium and saline solution are employed 
concomitantly. 

PARATHYROID ORGANOTUKRAPY. 

The physiology of the parathyroids was reviewed in the 
third chapter. We saw therein that the prevailing view w«s, 
that their secretion served to neutralize the toxic wastes which 
give rise to tetany, and that it influenced calcium metalmlism. 
I defended therein Gley's opinion, that it supplemented Ihe 
function of the thyroid gland, and, moreover, my own pn*- 
viously advanced conclusion, that thus combined the ihyro- 
parathyroid secretion increased the germicidal and antitnxi(^ 
power of the blood by endowing the albuminous portion of tlu* 
hieinoglobin with sensitizing properties, and that, as such, it 
was the blood constituent Sir A. E. Wright had ttu’imnl 
^^opsonin." Just what role the parathyroids fill in the dmd 
process cannot at present be determined, but the iaet lhai, 
as shown by Gley, the proportion of iodine in tliem is miuh 
greater than in the thyroid proper suggests that it supplu‘3 
the most active component of the compound secretion, that 
part of it which has to do with the sensitizing or opsonic action. 
'Phis is due, we have seen, to the iodine itself, owing to the 
peculiar property it possesses of increasing the inflammability 
of phosphorus. 

Prom the stajidpoint of organotherapy, it is tliis property 
that we must bear in mind. We must look upon parathyroid 
^^landules or adequate preparations of these organs as the 
essence, so to say, of the whole thyroid apparatus, in so far 

4T 
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as its antitoxic properties and its role in calcium metabolism 
are concerned. Tliis agrees with the teachings of experimental 
evidence, particularly tliat afforded by Jeandelize/’’^ which have 
shown that the secretory product of the thyroid gland proper 
is more concerned with the processes of general nutrition and 
development tium with the auto-protective function. 

The manner in which the parathyroids affect the organism 
and the influence of parathyroid gland as a remedy seem to 
me best illustrated in the symptomatology and treatment of 
the first condition analyzed on the opposite page (741) under 
the title of ^fliypoparathyroid tetany.^^ 

As to the preparations available, Berkeley'^*' claims that 
the only available glands are those from the bullock, and these 
are hard to find anatomically — as I know from experience — 
and expensive. He no longer uses the preparations obtainable 
on the market, and employs only glands obtained fresh at the 
abattoirs under his own supervision, lie found that the gland 
could be administered either as fresh gland, preserved gland 
or nucleoproteid solution. In the author^s words: — 

^^The fresh gland is given in the simplest manner possible, 
minced and eaten in a bread-and-butter sandwich. The dose 
is from 5 to 8 glands per day. This method is, of course, avail- 
able only for patients living near a large abattoir where some- 
one has been tauglit how to find the material. 

^^In the matter of jjreserving the gland, the essential thing 
is to get the tissue finely divided and in intimate contact with 
the preservative. The glands are trimmed with sterile instru- 
ments, dried between folds of sterile gauze, and rubbed up 
patiently in a mortar with an excess of milk-sugar and a small 
percentage of boric acid to a fine, dry. powder. A trace of oil 
of peppermint is usually added. Prepared in this way, dis- 
pensed in capsules, and kept on ice, they keep from four to 
six weeks. The dose is 5 to 8 per day, each capsule corre- 
sponding to Y 2 a grain [0.033 Gm.] of fresh gland. They are 
now for sale in several New York pharmacies. 

^^The nucleoproteid (S. B. Beebe’s method) is extracted 
as follows: The glands are thoroughly triturated — a few at a 

Jeandellze: *‘In8ufflsance Thyroidienne et Paratbyroldlenne,” Nancy, 
Berkeley: Old Dominion Journal, April, 1909. 
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time — in a mortar with laboratory sand. The triinrato is miu]v 
distinctly alkaline with lithium carbonate solution and ex- 
tracted with normal salt solution in excess. The process of 
extraction takes twenty-four hours. The container is fre- 
quently shaken, and between whiles placed on ice. '11 le solu- 
tion is now filtered, and finally acidulated with a f(‘w drops oT 
10 per cent, acetic acid. The niicleoproteid settles to the bot- 
tom as a voluminous, floceulent, white precipitate. In two 
hours the overlying fluid, which is now clear, and contains no 
albumin at all, and only a little globulin, is decanted, and tlu' 


precipitate is redissolved by adding a little more lithiinn car- 
bonate, till a slight alkaline reaction is again <ddaim‘d. This 
concentrated solution may be diluted to any (h‘sir(*d stnmgth. 
I usually dilute till the number of c.c. is (‘(pial to the original 
number of fresh glands used, ^llie dose ol tlu* pn'parat i«)n 
is about 20 drops [1.23 c.c.] per day. It is readily preserved 
with a little chloroform or thyroid, and it kept on iee stays 
elTective about half as long as glycorinated vaeeiin' virus, or 


diphtheria antitoxin. To make it siiitalile for liypodcn-inie use. 
it should be more concentrated than us dcserilied aliove, care- 
fully standardized, run through a Ohamherland filter, and lad 


up in sealed tubes.” 

Proceeding with the consideration of Iho lew disorders 
in which parathyroid has been useii, it was ileemed best to 
treat the first of these, hypoparathyroid tetany, m the same, 
manner as other diseases of the duetle'ss glands r.>v.ewed in 
the earlier chapters of this volume, owing to tin- important 
position this disorder now occupies in the ehnieal, and to le 
fact that it is scantily, if at all, treated in works on surgery. 

IIypopahathtroid Tm'ANY. (Tetania paratayieopriva. 
Parathyroid Tetany; Hypoparathyrosis ; Caeliexia 1 ara lyieo- 
priva; Status Parathyreoprivus or ITypopavatliyreo))rivns.) 

Tetany due to hypoparathyroidia occurs as a 
condition which temporarily or permanently arrts s 
tions of the parathyroid glandules. The f 

recognized at the present time is that various y ^ 

parathyreopriva, cachexia parathyreopriva, s a ns 
privus, whlh follows removal of the 
the thyroid in goiter and other growths of this g am 
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already treated on page 174. The second form is due to organic 
lesions, such as tuberculosis, interstitial liaemorrhages, inflam- 
matory lesions during infections, etc., of the parathyroids suflS- 
cient to greatly impair their secretory activity. These organa 
being the source, with the thyroid, of one of the auto-defensive 
constituents of the blood, as previously shown, their functional 
arrest allows tliose poisons — toxic waste-products in the present 
connection — to accumulate in the blood and to provoke tetany 
and even, in very severe cases, the clonic convulsions of 
epilepsy.^^ In its general terms, therefore, hypoparathyroid 
tetany may be defined as follows: — 

Hypoparathyroid tetany is a disorder due to impairment or 
arrest of the secretary activity of the parathyroids, characterized 
by more or less severe spasms or convulsions, the result in turn 
of accumulation in the blood of toxic waste-products, which it 
is one of the functions of the parathyroid secretion, as the opsonic 
constituent of thyroiodase, and along with other antitoxic con- 
stituents of the blood, to convert into benign, eliminable end- 
products. 

Symptomatology. Post-operative Parathyroid Tetany . — 
The symptomatology of this disorder may vary considerably in 
intensity and in the time and manner in which it appears. In 
most cases, however, the tetany begins by a sensation of stiffness 
around the mouth with twitching of the facial muscles and 
tingling or formication. This is soon followed by stiffening of 
the masseter muscles and fibrillary contractions or rigidity of 
the tongue — ^which causes difficulty of speech and deglutition^ — 
and finally locking of the jaws, as in true tetanus. This is 
often accompanied by trembling of the eyelids. The thumbs 
and then the hands are thrown backward, i.e., in marked 
extension, the fingers assuming either the claw-like or ^^main en 
griff e'^ shape, or, with two fingers, the index and medius, ex- 
tended, the ^^obstetric position.^^ There is at the same time 
flexure of the forearms, often complicated with more or 
severe pains in the flexed muscles. The feet are also cramped, 
often in the equinovarus position, the pain being then looted 
in the calves. In severe cases opisthotonos may occur, the 
being supported only on the head, shoulders, buttoeke/ 

See pp. 1429 and 1437, vol. U, for the pathogenesia of tetany afid 
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heels. There is a feeling of intense tiglitness around tlic heart 
The respiratory muscles, thoracic and pnlinonarv, being likewi..e 
contracted spasmodically, respiration becomes d.iniiult. safli 
ciently so at times to provoke intense dyspmea and cyanosis. 
There may also be marked strabismus, dilatation of the piipils^ 
frothing at* the mouth, and clonic movements similar to those 
observed in true epilepsy. 

The pulse becomes rapid and weak and sometimes irreiriilar 
during the attacks, and the tcinpcratiirc is raised. As explained 
in the- article on tetany in the second volume, ili(‘ latter symptom 
is partly due to the presenee of an excess of adrenoxidase in tin' 
blood and the increased oxidation this entails—tln* adrenal 
center being stimulated by the toxic wastes aecnmulat(‘d in tin* 
blood — and partly to the rise of blood-pressure, whii'Ii cansi‘s 
blood to be driven from the deeper vessels to the ]x‘ripherv, and 
then to congest the cutaneous capillaries. Wlien marked this 
phenomenon also causes burning sensation over the entile body. 

Tetany may occur almost any time after the o])(M*ation, the 
period of onset varying greatly. As a rule, however, tlu‘ llrst 
signs occur the third or fourth day after the o)>(n’ation, the 
intervening period representing doubtless that during which the 
supply of thyroiodase is being exhausted. The fre(|nenev of the 
paroxysms also varies in different cases, from one to many a 
day, according in a measure to the diet and amount of exercise 
to which the patient is subjected. In some eases the para- 
thyroids are only injured during the operation, and their 
recovery ends the tetany. 

Non-operative Hypoparathyroid Tetany . — The symptoms ol 
this condition do not vary from those just described, though 
they are less marked. In some cases, in fact, they hardly 
exceed in intensity those produced by stryedmine in lull tliora- 
peutic doses, when the physiological limit of the drug has been 
reached. Here the parathyroids are able to carry en llicdr 
functions only in part, the lesions produced in them by locrd 
disease, tuberculosis, interstitial haemorrhage, etc., having left 
perhaps one or more of the organs or a part of their pareru hxma 
intact. The thyroiodase formed under tl.ese circumstances 
. being deficient in the constituent which endows it with its anti 
toxic properties, it allows the spasmogenic poisons to accumu ate 
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in the blood very gradually, and in relatively small quantity as 
compared to that which invades the blood when all the para- 
thyroids are destroyed by operation or disease. 

In these mild cases, the identity of the disorder present 
- may bo determined by various signs : Trousseau^s, tapping or 
pressure upon large nerve-trunks to elicit muscular contractions; 
Chvostek’s, the production of spasm of the facial muscles by 
tapping over the facial nerve close to the parotid or over the 
muscle itself; llolfmann’s, the percussion of sensory nerves to 
demonstrate hypericsthesia; Erb’s, hypenesthesia of the nerves 
under electric stimulation. All these phenomena are explained 
by tlie fact that, as previously urged (see also the articles on 
Tetany, page r429, and Tetanus, page 14;f7, in the second 
volume), the spasmogenic toxic excites the vaso-motor center, 
producing thereby contraction of all vessels and driving the 
blood from the great deeper channels to the periphery. All 
peripheral muscles and nerves being rendered liyperaemic, they 
become correspondingly sensitive to irritation. and stimulation. 

Careful dilfcreiitial diagnosis is necessary in these cases, 
since tetany is also produced, irrespective of any parathyroid 
disorder (though the parathyroids may show active hyperplasia, 
as observed by ]\racCallum, in a fatal case of gastric dilatation), 
by many other disorders: gastric and intestinal, pregnancy and 
lactation, urannia, violent excitement and exertion, etc. — all 
conditions in which the blood becomes laden with toxic sub- 
stances. Infectious diseases are also prominent causes of tetany, 
but probably in part through the lesions of the parathyroids 
they sometimes ])roduce. 

Trkatment. — Tetany should always be borne in mind when 
any operative measure involving the thyroid is to be resorted to, 
since post-operative tetany would never occur if the parathy- 
roids were always spared. Keferring the reader to works on 
surgery for details, it may be mentioned here that every effort 
should be made to protect not only the parathyroids themselves 
by preserving the posterior capsule of the thyroid, upon which 
they lie, but also to so ligate the thyroid vessels with which they 
are connected as to provide for uninterrupted circulation thi^Mh 
them. I would suggest also that their lymphatic connec^JJ^s 
be as much as possible spared, since, as we have 
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parathyroid product reaches the venous circulation tiirou-li 
their intermediary. 

Important in this connection also is the selection of th<' 
portion of the thyroid that is to he removed. Koc hcr, aci'onlinir 
to Erdheim/^ who generally removes the central ])art of the 
gland, has "‘hardly ever had a lossjroin cachexia stiannipriva or 
tetany.” Again, complete removal of the thyroid itself is never 
justified, and as large a portion of the organ as possible shonhl 
be left to insure the continuation of the function it fulfills in 
conjunction witli the parathyroids. If the j)aralhvroids an* 
accidentally removed with the thyroid, which a careful examina- 
tion of the extirpated organ sliould enable the surg(‘on to dc'tcr- 
niine, they should at once be dissected out and implanted into 
tlie cervical tissues, selecting as much as possible a region ri(*li 
in blood-vessels. 

In some cases, operated with due cai’O, the paraihyroids 
left in situ may be injured, or suffer, perhajis, from shock . 
Under these conditions, mild tetanic syinj)’,toms may occur 
temporarily. In 500 thyroidectomies performed by von b]is(*ls- 
berg^’’*' in about seven years, 15 showed (divostek's sign, but it 
disa]ipeared without treatment in a few days. In 10 eases 
there was well-developed tetany, with one death, total removal 
of the parathyroids in the latter being probable. 

W. II. Brown”^ rightly criticises the indifferent attitude of 
some surgeons concerning the importance of the parathyroids 
to the organism, and sustains his position by an extrenu'ly 
severe case of tetany, saved only by the imidantation of the 
thyroid with its parathyroids obtained from a small monkey, 
and, one month later, of three parathyroids and a ])i(*ce (d 
thyroid the size of a small walnut, obtained one-hali hour aft(‘r 
death from the body of a man who had died of Brights dis<‘ase 
and uraemia. These tissues placed at once in normal saline 
solution at 32® F. (0® C.) were implanted successfully within an 
hour, the simian thyroid beneath the patient s sierno-ma^toid, 
and the human thyroid and parathyroid beneath her left rectum 
abdominis, under chloroform anaesthesia. Daiiielsen also 
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Ihelm: Brit. Med. Jour., July 21. P- 
1 Eiselsbcrs: Centralbl. f. Chir., Nu. 21, 1909. 
>wn: Annals of Surgery, March, 1911. 
lielsen: Beitrage x. kiln, Cblr., Bd. xxxvii, P- 


998, 1910. 
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transplanted human parathyroids in a critical case with a suc- 
cessful result, and mentions 3 recorded cases. 

An essential feature of parathyroid implantation is that 
the improvement may prove temporary only, i,e., until, probably, 
the secretion the organ liappens to contain is exhausted. This 
may last a couple of weeks and the symptoms return. It is only 
when the implanted organ assumes its normal functions in situ 
that cure occurs if the secretion produced is sufficient. Halsted^s®® 
valuable researches on the subject. should be read by all operators 
m this class of cases. 

That the oral use of parathyroid gland is of value in para- 
thyroid tetany has been shown by MacCallum, Vassale, and 
others, though tlie first-named observer found that large quan- 
tities were necessary. Berkeley refers to other well-known 
observers, James, Putnam, and Halsted, as having obtained 
favorable results. In 2 cases recently reported by Bircher,®^ 
thyroid gland had first l>een tried, but without effect; para- 
thyroid, liowever, caused prompt recovery. 

An emulsion of fresh parathyroids may be given subcu- 
taneously. Branham®® reported a case thus treated successfully. 
Five fresh beef parathyroids were placed in a 1 : 1000 solution 
of bichloride of mercury and allowed to soak about ten minutes. 
The glands were cut, under strict asepsis, into 5 pieces under 
physiological salt solution. These pieces ivere placed in a 
mortar and ground into a homogeneous mass, 400 c.c. of sterile 
salt solution being poured into the mortar. This was then 
filtered through a sterile gauze and given as salt transfusion 
into the patient’s breast. The oral use of thyroid and para- 
thyroid extracts and the feeding of raw parathyroids had proved 
entirely useless. The recovery in this case, however, seems to 
me to be due to the fact that only one parathyroid was totally 
removed, and the three others only partly so, the remaining 
segments having eventually resumed their secretory activity. 
The injected emulsion thus acted as a palliative pending the 
functional- recovery of what had been left of the organs. In 
Brownes case in which the parathyroids were removed, /the 

“Halsted; Amer. Jour. Med. Scl„ vol. cxxxiv. No. 1, July, 

Annals of Surgery, vol. xlvi, p. 489, 1907. 

Bircher: Medlzinsche Kllnik, Oct. 30, 1910. 

“Branham: Amer. Jour. Med. Sci., vol. xlvlii, p. 161, 1008. 
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benefit obtained from the emulsion lasted eleven days, and ^vas 
then followed by violent tetany. BirclierV’" -> easix also 
treated successfully with thyroid tablets, aven; i.rol.ably of \|u' 
same kind. Kocher"*'^ obtained recoveries “l>y enoi jretieaily pusli- 
ing the thyroid extract and iodothyrin in large doses.” iiiedl"'"' 
urges that it should always be tried. 

On the whole, wliat evidence tliero is tends jo show tlial. 
implantation of fresh glands should alone lie (l(‘]>endtMl on for a 
cure when the parathyroids have been dest royed. 

Calcium lactate has been found elhcacions by MacCallmn 
and Voegtlin^^ and others. It may be given in lO-grain (O.fijf 
Gin.)^ doses every hour or two, or in larger doses in saline solu- 
tion per rectum, or in emergency cases, intravenously, 1 gianinn's 
(1 drachm) being given in 100 c.c. (2iy draduns) of salt solution, 
as recommended by AVintemitz,^i in a case of non-operative 
tetany, in Brownes case, however, calcium lactate, given orally, 
proved useless, as did all organic agents, including parathyroids, 
administered in this manner, ^riie measures to previail tlie 
spasms, the most active of which are chloral and the hromidi's, 
are reviewed in full in the articles on Tetany and ^retaniis in the 
second volume. 

The diet should receive considerable attention, and all 
substances rich in nucleins, including meats, sliould ])e strictly 
avoided, to reduce to a minimum the formation of s])asmogenie 
wastes. A milk diet, farinaceous foods, and the fre(‘ iisi* of 
water to facilitate the elimination of what toxic wastes are 
formed are most useful in this connection. Exercise of any 
kind is also harmful, owing to the formation of rnnwailar wast(vs 
that it entails. Best in bed, or in an armchair, tends gn‘atly 
to reduce the number and severity of the spasms. 

Paralysis Agitans. — ^This is a particularly interesting 
syndrome from the standpoint of pliysiology, for it cleailv 
sustains the view that the thyroid and parathyroids are fimo 
tionally united. Indeed, while Mdbius, in 1883, found j)aral- 
ysis agitans associated with exophthalmic goiter, T^iundborg, in 
1891, met it in connection with niyxoedema, the autopsy show- 


- organs/' p. HO. 

iScCailum* aad Voegtltn: John* Hopkins Hosp. Bull., voi. xlx. p. 91, 1908. 
Winternlta: VOl. »» P. 269, 1909. 
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ing atrophy of the thyroid. These facts led both Mobius and 
Lundborg to connect the disease with the thyroid gland. 

Various other phenomena, such as chronic rheumatism, 
arthritis, scleroderma, a brawny, or yellow-brown, pigmenta- 
tion, h3^pothcrmia, etc., met with in cases of hypothyroidia, 
are also observed in paralysis agitans. In a case of mine the 
mask-like face of the latter disease recalled clearly that of an 
incipient case of Tnyxcedema; Fraenkel had already observed 
myxcedematous areas. Parhon and Golstein^- found in the 
thyroid propc^r of a woman who had died of paralysis agitans 
what they term ^‘^manifest macroscopical and microscopical 
lesions”; CastelvP^ found marked atrophic lesions iij the 
thyroid gland in two instances, though Pasquicr found none. 

Conversely', niany^ cases of paraly^sis agitans may suffer 
from the sensations of heat with cutaneous rise of temperature, 
and the abundant sweating commonly observed in exophthalmic 
goiter. The most suggestive case in this counection, however, 
is one reported by A. Gordon, in which the characteristic 
attitude of paralysis agitans, the stiffness and fixation, the 
mask face and absence of expression, the propulsive movement 
and the tremor, coincided wdth goiter, some degree of exoph- 
thalmiis, tachycardia, dy^spnoea, and Graefe’s sign of exoph- 
thalmic goiter. 

There is ground, therefore, for the hypothesis that the , 
genesis of paralysis agitans is in some way related to the thy- 
roid apparatus. Yet. a suggestive feature of the problem is, 
that thyroid preparations are useless in these cases, as many 
observers, including myself, have ascertained. Again, the fact 
that, while the main phenomena of exophthalmic goiter are 
distinguishable in certain cases, in others those of myxoedema 
occur, serves further to obscure the problem. Moreover, while H. 
L. Thompson^® examined fruitlessly the parathyroid of 9 cases in 
which death had been due to paralysis agitans for lesions, others, 
including Berkeley^® and Allen J. Smith, referred to in paper 
by Camp,^^ found lesions in these glandules. Indeed, litmd- 

Parhon and Golatein; ''Lea Sderdtions Internes,” p. 218, 1909, 

■^^Castelvl: Rivista do medicina y cirugla practicas, 1904. _ . 

’’^Gordon: Proceedings of the Philadelphia County Medical Society, 

14, 1904. 

Thompson: Journal of Medical Research, Dec., 1906. 

3® Berkeley: Old Dominion Journal, April, 1909. 

Camp: Jour, of the Amer. Med. Assoc., April 13, 1907. 
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borg^* suggested, in 1904, that paralysis agitans was spiritually 
the syndrome of hyperparathyroidia, a view to which lh'rkolc‘v'’‘ 
was also led independently, in so far as disease of the paratliy- 
roids is concerned. 

That the latter view is based on good ground is snggc’sted 
by the fact that, while, as slated above, thyn)i(l pn‘paralions 
are useless in paralysis agitans, active prej)arations t)f para- 
thyroid favorably' mlluenee the disease. ]\roreov(o\ tlu‘ir 
favorable action hannonizes with two esiai)lislied facts: that 
the parathyroids produce a powerful antitoxic snhstanci', and 
that the pathogenic eletnent of the disease is a long-recogni/uMl 
toxminia. That syni])toTns of exojdithalnrK' goiter and of niy\- 
(pdeina occur, does not weaken this ])osilion if the thyroid and 


parathyroids are united functionally. Xor does (lie jin'scMur 
of these two antagonistic disorders militate against the ]>ara- 
thyroid theory, since we have seen that exojihtluilinic goitiu* 
lapses, if the patient lives long enough, into a invxuMleinaloiis 
state. Nor need we even deem Thompson s lailure to 11ml 
lesions in the parathyroids as defeating the laimllmrg-Berkeley 
theory, for the functions of the parathyroids may he inhihiled 
precisely as are those of the adrenals and thyroid, hy lesions 
along the paths of the nerves through whieli th(>ir runelions 
are governed. lienee the cases on record in wliieh the causa- 
tive lesion was found in various parts of the eerehiospma 


system. . ,, . ■ 

Suggestive also is the henefieial action ol parathyroid. 

Berkeley*" first employed commercial preparations; wii e goo< 
results were obtained in some instances, the)' o t.-n I”-"'"'' " 
reliable. He then used properly identified gam h >i 
fresh with milk-sugar into a dry powder, 
unstable. Subsequently he used the iiuclcopio i k s 
ferrod to under the preceding heading J J, ’ 

method, and preserved with a few drops in 
container. This raised the therapeuBe ^ j ’ 

hut it was found to precipitate readi y and 
hear prolonged transportation. His a niethod) 

lowing : The nucleoproteid extraction pr 

“ Lundborg: Deutscb ZelUcbrUt m N«rvenhellkunde. ‘ W,” W**- 
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is adhered to generally, but all the preliminary steps are hur- 
ried, and the precipitated nucleoproteid is not redissolved, but 
quickly dried in a draught of cold air; so that within eight 
or ten hours after the warm glands leave the bullock a minute 
amount of smooth yellow powder is obtained which stands 
physiologic tests admirably, is stable, easily handled, and does 
not require a freezing temperature (though for safety’s sake 
it is recommended to keep it on ice). The powder is rubbed 
up with milk-sugar as a menstruum, and is placed in sealed 
containers. 

A large proportion of the patients slowly respond to the 
treatment, though in about 25 per cent, the response is only 
temporary and imperfect. The rest showed progressive benefit 
during the entire period of treatment. The dose of nucleo- 
proteid, as previously stated, is about 20 drops (1.23 c.c.) per 
day, while that of the glandules proper is 5 to 8 per day. The 
preserved gland is also given in capsules containing each the 
equivalent of % grain (0.033 Gm.) of fresh gland, 5 to 7 of 
these being given daily. Parhon and Urechia*^^ and Dclille,*^ 
and others, have also reported considerable improvement, though 
the rigidity did not seem to be influenced. 


ADRENAL OPOTHERAPY. 

The prevailing view that adrenal preparations merely cause 
an ephemeral rise of blood-pressure and increase the vascular 
tone has greatly limited the intelligent use of these agents, 
though their empirical employment has somewhat compensated 
for this, and clinical applications have thus been discovered 
which the limited field of laboratory experimentation would 
never have brought to light. As we have seen, however, the 
adrenals are endowed with far more important functions, from 
my viewpoint: (1) their secretion takes up the oxygen of the 
air in the pulmonary alveoli and carries this gas to the tissue as 
constituent of the haemoglobin; (2) it sustains, as.such, oxidatiem, 
i.e,, metabolism, of the tissues (the latter having been senaiii^ 
for this purpose, we have seen, by the thyroiodase). 

Parhon and Urechia: Soc. de Neurol., Nov. 7, 1907. 

Delille: L’hypophyse et la medication bypophysalre, p. 186, 
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While this conception sustains the presont iniorpivtalion it 
accounts for clinical phenomena wludi had not previmisly luvn 
explained, witnessed in the use of adrenal preparations. 1 1 show s 
we have seen, that the rise of temperature noted l)y Moivl,' 
Lepine and the concomitant rise of temperatiiiv and ineivascd 
metabolism noted by Oliver and Sdaifer arti dm' lo incivasrd 
oxidation. It accounts also for the rise of i)lood-j)n'ssuiv, siiur 
increased metabolic activity — excited directly by the adivnal 
principle besides that due to general oxidation— of the museular 
coats of vessels is manifested by contraction, and, thei'efoiT', hv 
elevation of the blood-pressure. The increased jmwer of tlie 
heart is the obvious outcome of increased nu'taholism in the 
myocardium, precisely as it is in the vascular imisch's, while the 
slowing of its action is due to the greater diastolic expansion 
that attends increased functional vigor and tlu^ greater r('sist- 
ance the blood-column offers as a result of the inc reased hlood- 
pressure. 

The preparation most used is tlie (jlnnduhv supnirrnnles 
Hiccce, or dried adrenal gland, of the IT. S. W It is best given in 
capsules in doses of from 2 to 4 grains (O.ld to i).2() (bn.). 

Epinephrin, adrenalin, and otlier active ])rincij)les of the? 
gland are not reliable when given orally, being often oxidi/(‘d 
in the stomach and intestines, and rendered inert. Hut thcjy are 
absorbed from the colon. 

They may, however, be injected subcutaneously in 10- to 20- 
minim (0.62 to 1.23 c.c.) doses in sinall (1 to 2 dracinns — 1 to 
8. Gm.) or large (1 to 2 pints-^50() to 1000 Gin.) (piantities of 
warm saline solution, the smaller (juantity of the latter being 
preferable when repeated doses are necessary, alisorption being 
very slow. It causes pain and, sometimes, general pallor wTien 
the injections are repeated; this is due to the general eflcKt of 
the drug on the arterioles, which are also contracted temporarily. 

When prompt results must be obtained, as in the treatment 
of shock, cardiac failure, etc., the intravenous method is prefer- 
able, injecting slowly 10 to 20 drops (0.62 to 1.23 c.c.) in a 
pint or quart of hot (108° P.— 42° C.) saline solution. Or, 5 to 
10 minims (0.3 to 0.6 Gm.)* in 2 drachms (8 Gm.) of saline 
solution may be injected drop by drop into a vein, using a 
hypodermic syringe in an emergency. 
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The local application of an adrenal principle, adrenalin, 
epinephrin, etc., causes siicli marked contraction of the vessels 
that their lumina, when applied over small vessels, may become 
obliterated, thus arresting totally the flow of blood. The tissues 
become very pale, therefore, and even blanched, owing to the 
active metabolic activity set up in the vascular walls, and 
particularly their muscular elements. 

The disorders in wdiich adrenal preparations are indicated 
are numerous; but the majority of thovse in which they are of 
greatest value have already been considered, viz., Addison's 
disease (page 97) and terminal liypoadrenia (page 109), which 
in itself includes practically all febrile infections. A few others, 
however, may be considered here. 

Surgical Diseases. — Laboratory and clinical experience 
tend increasingly to show that man is more susceptible to the 
action of adrenalin than animals. While a subcutaneous injec- 
tion of 1 drachm (4 c.c.) of a 1 : 1000 solution will hardly affect 
a rabbit, one-third of that quantity has produced untoward 
effects in normal as well as in tuberculous subjects (Souques and 
Morel), e.g., vertigo, nausea, vomiting, severe pain under the 
sternum similar to that of angina pectoris, and a feeling of 
constriction about the chest, a rapid pulse, dyspnma, cold sweats, 
and coldness of the extremities. Hypodermic doses of V120 
grain (0.00055 Gm.), however, are well borne. Intoxication 
may follow the use of adrenalin when injected into cavities such 
as the vagina, the rectum, the ui’ethra, when the mucous mem- 
brane is abraded, lacerated, or denuded, thus rendering its 
absorption possible. The urethra seems to be particularly sensi- 
tive in this connection, the passage of bougies for stricture 
having caused poisoning in a number of cases. According to 
Braun,^'’ the toxicity of epinephrin or other adrenal principles 
varies with the individual, but, in all, the danger lies in the use 
of concentrated solutions. He employs a solution .of 0.64 6m. 
(10 grains) of suprarenin borate in 100 c.c. (35 drachms) of 
0.5 per cent, novocaine made up fresh from tablets for each 
operation; 135 c.c. (31 drachms) of this solution can be 
without danger. - 


* Braun: Zelt. f. Gyn.; Amer. Jour, of Obstet., 1909. 
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Local applications may also be followed by untoward ellVn-ts 
in the tissues to which adrenalin solutions are apulicd. 
applications, especially with the atomizer, of anytliino- hut weal 
solutions (1:10,000) to the nasal cavities or pharynx may i>i*ye 
rise to oedema of the nasal mucosa, the uyula, tonsils, or piMars 
of the fauces. This is ascribed by most writm's to ^^iolcMit 
vasomotor constriction of the blood-vessels" and the rcsultim- 
^'venous stagnation,” but it is in reality a secondary result of 
these effects, Le,, paresis of the arterioles and (edimia of the 
tissues. In some instances they cause persistent siUM'zini,^ ami 
acute coryza accompanied at times by severe ])ain in the upp(‘r 
portion of the nasal cavities. Some eases have been reported in 
which even sloughing and gangrene ol* the mucosa oecurred. 
Klderly subjects are prone to this complication, according to 
Neugebaiier. Post-operative hammrrhages iwv not inrre(pi(Miily 
noticed after the use of adrenalin, owing to relaxation of llu* 
severed vessels. In the larynx, adrenalin solutions ('ause an 
uncomfortable dryness l)y interfering with tlu' formation of 
lubricating mucus. This is especially distressing to singtu’s. In 
the eye their use in scleritis and other disorders may be followc'd 
by severe iritis. Instillations of a 1: 1000 solution in the Eusta- 
eliian tubes liave given rise to violent pain in the middle ear, 
which was renewed whenever the remedy was thus administ(*r(‘d. 
M'he use of adrenalin solutions in the form of spray, at least, is 
contraindicated in infections, owing to the danger oT fac-ililating 
tlie entrance of pathogenic germs into the sinuses. 

The toxic effects produced, hoxvever, are readily aceouTitcd 
for by the functions in oxidation, metabolism, and nutrition I 
attribute to the adrenal secretion. Tracing tlie (‘ourse ol (^vcaits 
from start to finish, we have at first the eflecds of exet^ssive 
metabolism in all tissues: in the ccrebro-apinal system, cxcitc?- 
ment; in the muscles, tremor; in the kidneys, polyuria; in the 
myocardium, violent contractions (palpitations) ; in the muscular 
coats of the vascular system, a marked rise of the blood-pressure. 
The latter in turn aggravates the process by causing congestion 
and engorgement of the capillaries (which arc not, like the 
arteries, provided with a muscular coat) of all organs, including 
the lungs, causing oedema of these structures and dyspnoM. As 
the contraction of the arteries proceeds, the aorta has to l)ear the 
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brunt of tlie centrifugal pressure, giving rise to marked sub- 
sternal pain. When it becomes such that the arterioles obstruct 
the circulation the lethal phenomena are initiated: the pul- 
monary circulation being impeded, oxygenation fails to occur; 
asphyxia follows, and, the m3^ocardium receiving tyo little blood 
to sustain its contractile power, the heart, already haanpered by 
the pulmonary congestion, ceases to beat. 

After local applications the morbid effects are all the result 
of the action of the adrenal principle upon the vessels. The 
dryness caused by solutions spTa3'ed into the larynx is due to 
deficiency of blood supplied to the acini and the resulting inhibi- 
tion of their function. If this is kept up by repeated applica- 
tions, the tissues, no longer nourished, may slough off, as has 
been noticed in the upper respiratory tract of aged subjects. 
The oedema observed in this location is not active, as it is in the 
lungs, but passivQ, i,e,, due to exaggerated relaxation of the 
vessels after the intense constriction to which tlie drug had sub- 
jected them. This applies equally well to post-operative haBmor- 
rhage, and to the severe pain (due to passive congestion) in the 
middle ear after instillations in the Eustachian orifice. 

Shock and Collapse , — ^^riie familiar influence of adrenal 
preparations on the blood-pressure and the role in tissue 
ox3^genation I ascribe to them afford a self-evident explana- 
tion of the excellent action they have shown in the treatment 
of this condition, since they meet at once the two main morbid 
factors: low cardio-vascular tension and depression of the vital 
process. The latter effect is shown by the increase of body heat 
noted by Keicliert, Ix'pine, Morel, and others. 

Kinnaman, in a comprehensive study of the temperature 
relationship to shock, concluded that as shock increased in 
severity the most uniform and progressive factor was the 
fall in temperature. He states that ^‘in one series [of cases] 
the fall in temperature was the sole cause of shock;^^ The 
results of Crile with adrenalin in salt solution given very slowly 
and gradually for a considerable time thus find a nonnal ex- 
planation in my interpretation of the rdle of the ad^®l 
secretion. He resuscitated animals in this 
simultaneous artificial respiration — fifteen minutes : 
signs of life had ceased, and was able to keep a 
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dog ahve over ton hours by this same prooo.luio Tint it wn 
because the adrenal secretion is able to incite and sustain tis.iic 
metabolism, i.e., the vital process itself, that such .-esults were 
obtained seems obvious. 

This apiDlies not only to shock, but also to mnjlraj heart- 
failure, collapse from luemorrha-c, asphp.ria. ami 'sahmersion. 
The adrenal principle (suprarenalin, adnuialin, cic.) |)roiiu)l(‘s 
energetically, as a catalyzer and constituent oi* the hjenm- 
globin, the intake of oxygen and its utilization by the tissue- 
cells, including the muscular elements of the cardio-vascular 
system, and thus causes them to resume their vital activity. 
It should be very slowly administered intravenouslv, o nnhiims 
(0.31 c.c.) of the lOOO-solution to the pint of warm (105° F. 
— 40.5° C.) saline solution. In urgent cases, 10 droj^s (0.0'^ 
c.c.) of supracapsulin or adrenalin in 1 draclim of saline solu- 


tion can be used instead, and repeated at intervals until the 
heart responds. Artificial respiration hastens its (‘Ifetts. 

The same remarks apply to the untoward etfects of chloro- 
form, which are also due to circulatory failure, with partial 
suspension of the vital process in the tissue-cells. Hero a rela- 
tively large dose must be used, 30 minims (2 Gni.) of epi- 
nephrin, supracapsulin, or adrenalin in a pint of warm (10S° 
F. — 42.5° C.) saline solution intravenously. If injected very 
gradually it will excite the cardiac muscle by a direct action 
upon it before reaching the lungs, and cause it to n^sume its 
contractions. Kothe”* has used this method successfully in 5 
cases of cardiac failure following spinal aiuesthesia. Too raj)id 
injection causes cramp of the cardiac muscle and liolds it in 
systole. Straub®*^ found that a weak solution k(*pt up tlu^ hlood- 
pressure if injected slowly intravenously. 

The simultaneolis use of Vioo grain (O.OOOtid (»m.) of 
atropine, hypodermically, aids materially the rcsuscitalion by 
causing the arterioles to resume their functional tone, and thiis 
to re-establish the motion of the blood in tlic capd- 

lary system. The physical methods, rhythmical traction of the 
tongue, suspension, etc., must, of course, not be neglected. 

IIcemorrhage.--‘ln haemorrhage from the pharyngeal, 


“ Kothe: 
Straub 


rherapie ^ ml 

Mttnoh. med. Woch., June 27, i»ii. 
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oesophageal, gastric, or intestinal mucous membrane, tbe^mas- 
tication of adrenal substance, or the use of powdered adrenal 
substance in 5-grain (0.33 Gm.) capsules, arrests tl^e flow, by 
causing active metabolism in the muscular elenignte of /"the 
arterioles of the mucosa and constriction of these *ye88|ls— ^the 
characteristic local action of the adrenal principle. * ’ . " 

Its use in intestinal haemorrhage was studied with ^^consid- 
erable care recently by C. J. Wiggcrs.^® His conclusions were 
as follows: 1. Large doses of adrenalin (0.05 to 0.1 mg.) cause 
a short preliminary increase in Inpinorrhage, followed quiojfjy* 
by a decrease or cessation of bleeding. On account of the great 
preliminary loss of blood tliey are always contraindicated. 2. 
Small doses of adrenalin (0.01 to 0.025 mg.) cause little or no 
preliminary increase, but shorten the course of Innmorrhage. 
As they save the red blood-cells in every way they are thera- 
peutically desirable. 3. The method of introducing adrenalin 
determines the effect of blood-pressure and haemorrhage. No 
results are obtained by subcutaneous administration. By con- 
tinuous intravenous injection of weak solutions a slight eleva- 
tion of pressure can be maintained and haemorrhage simultane- 
ously checked. This can also be accomplished by intramuscular 
injection. 4. Adrenalin is not indicated in all intestinal 
haemorrhages. The condition of the blood-pressure is the 
criterion for its use. In haemorrhages of short duration when 
the pressure has not fallen to any extent, a judicious use of 
nitrites proves of more benefit than adrenalin. When the 
bleeding has been profuse, however, and a low pressure already 
exists, it becomes vital that haemorrhage should be checked 
without further reduction of pressure. Adrenalin finds its 
use in this field. 5. The use of adrenalin should always be 
closely followed by blood-pressure observations. A dose sure 
to be below the safety limit should first be tried, and the , 
pressure carefully estimated. If no rise occurs, 
creasing doses may be injected until a slight elevation of 
sure is present. 

ToxEMiAs.-^It was noted long ago by Abelous and Lan^ 
glois, Charrin, Oppenheim, and others, that adrenal extraft^:; 
antagonized certain toxins and other poisons. This is due to 


^Wiggers: Archives of Internal Medicine. March 15. 1909. 
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participation of the adrenals in general irnnuinitv I 

pointed out as far back as 1903, the speciiic action carried on by 
their secretion being that of amboceptor. (h)lilsielier^-“^ noted a 
marked dxnaimition of adrenalin in tlie adrenals ot‘ snhjeids in 
which death had been due to an infection : [)neinnonia, ]mer|)('ral 
nioningitis, etc., thus showing that in all such processes tlu'n' is 
abnonrial activity of the organs, i.c., an extraordinary oiii[nii of 
adrenal secretion. Many clinicians are now using adrenal jiix'pa 
rations to compensate for this loss. (Sen? Terniinal llypoatlreiiia. 
pige 109). 

Cancer. — Tn both rats and nih'e, can'inoniatons and sar- 
comatous neoplasms have been caused to (1isa|)|u‘ar hy injections 
of adrenin, while they also prevented the growth of canc(‘rous 
grafts. Keicher^*'"*^^ tried the same Ireaimcni in man. A saix'onia 
was reduced to one-third of its sixe, wliiidi third with llu* aid o1 
X-rays and the high-fi’eqneney current was caused to disapjx^ar. 
Malignant lymphomata and a case of mclanosarcoma wi^re also 
favorably influenced. Injections ot adrenalin ai’ound a tongue 

cancer also proved beneficiah^^*® 

In personal inoperable cases adrenal gland seemed to |)rol()ng 
life by delaying the cachexia, especially wlieii given Aviih iron. 
Suggestive in this connection is tliat, in Keidior’s words; “It 
is remarkable that during tlie ti-eatincnts llic paliimts increased 
much in weight-np to 14 pounds. There must he a (s.nslant 
anomaly of metabolism somewhere.” 1 may recaU in this con- 
nection that eight years earlier I had pointed out tliat t le 
function of the adrenal secretion was to take up tlie op'gen «> 
the air in the lungs and to sustain tissue 
and nutrition— thus accounting for the gam in ^^elgl ^ 
noted Kitchie*** recently reported the disappearance oi a sKi. 

Wde*n.i«ring of Aonalin 

b«n toond by Eeicber and Lena" to pom.d 11, c 

double the dose of X-rays. 

«>.Oold8l7l>er: Wiener wo.ih., 

“*» Reicher: Deut. med. wocn., 

AchtlVmeyer: Ber .Vu^ IaVretc.. No. 7. im^. 

™ mtchleT’ London wWh.?'jan. 4, 1M2- 

Reicher and Lena. Deut. mea. 
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Cardiac Disorders. — Eothscliild,®^ Crile/’’ and 
others have obtained prompt recovery (after all other means 
had failed in Kothe^s cases) in surgical heart-failure from in- 
travenous* injection of adrenalin in saline solution. Map- 
kowsky,^® Bates,®® Floersheim,®^ Decks,®* and Boy-Teissier®® 
have urged the value of adrenal preparations in cardiac dis- 
orders accompanied by weakness, particularly when there is 
dilatation, cyanosis, or oedema. Voight®®^ found 10 to 15 minims 
of adrenalin 1 : 1000 solution and 5-grain tablets of the gland 
valuable in cardiac dropsy and cardiac dyspnea. 

In 1853 Brown-Sequard®^ found that the venous blood of 
the venae cavae contained some substance which contributed 
to the contractions of the heart. A contemporary promptly 
relegated tins experimental fact to oblivion, by showing that 
carbonic acid, the only excitant credited to venous blood, failed 
to cause an exposed heart to contract. Had it not been for 
this misdirected experiment it is more than likely that Brown- 
Sequard, over fifty years before Oliver and Schafer, would 
have discovered that, in Schafer’s words,®® the adrenal ex- 
tract produced ^^a powerful physiological action upon the 
muscular system in general, but especially upon the muscular 
walls of the blood-vessels, and the muscular wall of the heart/^ 
He would then, moreover, have reached the obvious conclusion 
to which I was subsequently led, that, inasmuch as the adrenal 
secretion passed by way of the adrenal veins to the inferior 
vena cava, it was inevitably carried to the right heart in the 
blood of this great channel, and that it was the adrenal secre- 
tion, therefore, which helped the heart to contract. 

This explains the beneficial effects of adrenal preparations 
in adynamic heart disorders. Their active principle via- the 
veiise cavae excites directly the muscular elements of the right 
heart. Besides this, however, the entire cardiac muscle- 
is also, from my viewpoint, excited indirectly. The adrenal 

w”Kothe: Centralbl. f. Chfr., Aug. 17, 1907. 

^''Rothschild: Therapie der Gegenwart, June, 1908. 

** Crlle: Amer. Jour. Med. Scl., April, 1909. 

^Mankowsky: Russian Arch, of path., Clin. Med. and Bact, March; 1898. 

Bates: Medical News, March 2, 1900. ■ . 

Floersheim : New York Medical Journal, Oct. 6, 1900, and May 4, 1901. 

Decks: Montreal Medical Journal, Nov., 1901. 

“ Boy-Teissler: Arch. gOn. de mOd., Aug. 23, 1904. 

Voight: British Med. Journal, March 9, 1912. . 

Brown-SOquard: * 'Experimental Researches Applied to Physlpiogy 
Pathology.” p. 104, 1853. ‘ ^ ; 

»Sch&fer: hoc, cit, vol. 1, p. 961, 1898. 
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active principle being carried by the venous blood from the 
heart to the pulmonary air-cells, it is added to tliat already 
in the blood, and becomes converted into the albuminous i‘on- 
stituent of haemoglobin, which, as wc have seen, sustains oxi' 
dation. In this form it returns from the lungs to tiu‘ left 
ventricle, with the arterial blood it* has enrielied, to he dis- 
tributed to the body at large. When we recall tliat the first 
arteries given off by the aorta are the eoronari(‘s, wliosc^ 
branches supply the heart muscle proper, it bee(mu‘s evident 
that the entire heart is the first to receive blood freshly laden 
with oxygen. On the whole, the adrenal secretion itself con- 
tributes to the heart’s working power in two ways: (1) by 
enhancing directly the contractile power of its right ventricle, 
and (2) by sustaining oxidation and metabolism of the entire 
cardiac muscle. 

Emphasis must be laid upon an important practical fact 
in this connection, namely: that the obvious purpose of llie 
direct aid the right ventricle receives from tlie adrenal secre- 
tion is to assist the walls of this ventricle in ])rojcciing ilui 
venous blood into the lungs. This explains the rai)i(lity with 
which cardiac dyspnoea is relieved hy adrenal pn'parations; 
they not only restore to the right ventricle its i)ower to drive 
the venous blood adecpiately to the air-cells, but they supp y 
it with the pabulum which enables it to absorb irom the, a.r 
enough oxygen to restore the general respiratory eiiuililiruun 
The fnereased metabolic activity in the vascular museles .mg 
also enhanced, passive mdema is also caused to c isappear while 
the dilated heart tends to resume its normal dmumsions. 

whler given orelly. hypclemlclly. » .ntn— 
therefore, adrenal gland, through the ngenrj ’ , 
nrincinle it happens to contain, enhances the contrai ti t i - 
of the heart. Lnkowsky- found that its cflieiency was b.> 

.Lwn in oardiae .cainea. and 

evidence available points in e tongue, mixed 

states that when powdered adrena is p appear within 

with saliva and * itTakVten minutes to regulate a 

ten seconds. At other times it takes ten 

“MankowBky: Arcklves of Pathology. M 



760 


ADRENAL OPOTHERAPY. HEART DISORDERS. 


weak, irregular pulse, but the xisual time has been between two 
and three minutes. 

The dried gland in daily doses of to 3 grains (0.1 to 
0.2 Gm.) is used in Europe. Whether our preparations are 
weaker or not I cannot tell, but the fact remains that such doses 
liavo not proven active in my practice, 2 grains (0.13 Gm.) 
tliree times daily, when a good preparation is available, being 
necessary to obtain appreciable effects, i.e., such effects as can 
readily, and with more accuracy, be obtained with digitalis. 
lvothe^‘^ injects 20 drops (1.23 c.c.) of the 1:1000 solution of 
epinephrin in 1 quart of saline solution intravenously. John®® 
injects slowly, in the same manner, 3 to 15 minims (0.18 to 
0.92 c.c.) of suprarenin in 1|4 drachms (5.55 c.c.) of saline 
solution. It lias been used subcutaneously in 15 (0.92. c.c.) or 
more minims in i/o to 1 pint (250 to 500 Gm.) several times 
daily if nec'cssary by Josue and others. Netter gives 10 to 20 
drops (0,62 to 1.23 c.c.) or more by the mouth, but also sub- 
cutaneously in saline solution, when larger doses are required. 

The contraindications are mainly: chronic nephritis, aortic 
lesions with tendency to anginal pains, angina pectoris, and 
arteriosclerosis, in all of which conditions a marked increase of 
the vascular tension would be harmful. 

The indications of adrenal preparations are, as stated, those 
in which weakness of the myocardium exists, though I would 
fear their use wlien degeneration is present, owing to the marked 
increase of vascular tension they cause, and the greater resistance 
thus imposed upon the heart. Their value is manifest where 
marked and threatening cardio-vascular adynamia exists, and in 
cardiac collapse in the course of infections, which is due, as I 
have shown under ^Terminal hypoadrenia,^^ to arrest of adrenal 
functions. In such cases, especially where urgency prevails, 
adrenal medication promptly restores the arterial tension; the 
cardiac beats become more ample and regular, and the — ^perhaps 
suspended — pulse resumes its normal strength and rhythm. 

In the treatment of valvular and other cardiac disorders, 
digitalis is more reliable, and it can be adjusted to the needs 
of each case with greater precision. 

•"Kothe: Theraple der Gegenwart, p. 05, 1 
Mjohn: Mttnch. med. Woch., p. 1221, 1900. 



ADRKNAL 0UGAN0T11EUA1*Y. 


761 


Kespiratory Disorders. — We liavc seen that adrenal prep- 
arations enhance the vigor of the cardio-vasciilar eoiitraetion. 
The asthma often met with in elderly people is thus |)rom])tly 
relieved by these agents. This applies also to tnu* asthma, as 
first shown by S. Solis-Coheii.®’-^ This result is evplaiiuMl, from 
my viewpoint, not only by the increased oxygen intake and the 
improved tissue oxidation just mentioned, hut also hy the more 
perfect liydrolysis of the toxic wastes to which the spasm ol the 
bronchial muscles, and therefore the asthmatic ]>aroxysms, are 
due. This introduces, however, an important feaiiin? ot the 
problem, to wit, tlie participation of the whole or}'iinisiti in the 


improved ox 3 ^genation. 

Tlie prompt arrest of a paroxysm of asthma liy the, hypo- 
dermic injection of 5 to 10 drops (O.tU to O.ti^ c.e.) of the 
1 : 1000 solution of adrenalin cldoride, first reci)nmieiide<l hy 
Kaplan, has been termed “inexplicable” and “marvelous"; hut 
if the adrenal principle is considered as tlie active ketor m 
general orWation, and it is tocalle.1 tl.at, »c«.r.l,ng e l 
L two.hnn.lre<l.tl,o»s.n<\U. ol a grain •> l.ei.i "f 

„lrennli„ (and tin. appli.* a. «11 I'' 
such as suprarenalin, epinephnn, eti.) su ms 
r^wsiolgiLl action, one can readily mulerstaud why many 
timea tliis dose will produce Uici-opentic clUa la. ‘ “ , 

tlik aaserl itself when wc take iiite aewiint a t.ii I I 1 ■ e 
™dTo w that we rnnst look up,m the active F";"!’ ; » " 

adLk secretion net merely as a f "1 k,'. 

3nno„. ,n.Btiti«, Jo 

pound to the tissue-cells. Mulon as we have setm, 

only been found in the red corpusc precisely 

but its catalytic action, first ” jp, in 18r>K. to 

the conditions deemed necessary by ' its all- 

explain the massing of oxygen m the tissue 

powerful catalytic action. I.lood-pressurc does not 

It ha. l>«n noticed that • " 'i„jeet.a into the 

always occur when ^mep nn , ,i„„ though Ihe astir- 

tissues, but this is due to its slow l 

— T iir Amer Med. Abboc.. May 

wSolia-Cohen: Jour. Amer. 
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matic paroxysm is aided at once. The rise of blood-pressure is 
liasteiied, according to Miles and Mulleborg, when the area in 
wliich the remedy was injected is massaged. Spraying the nose 
with a 1 : 4000 or stronger solution of adrenalin or suppositories 
containing this agent has also been found capable of arresting 
paroxysms of asthma by Matthews. Aronsohn applies to the 
nostrils an ointment of vaselin and lanolin, of each, 1 drachm 
(4 grammes), containing 30 to 60 minims (1.85 to 3.7 c.c.) of 
1 : 1000 solution of adrenalin chloride. Weiss®®* recommends an 
injection of adrenalin V^o grain and pituitary extract grain 
in 15 minims of water. A second injection was required in only 
10 out of 300 cases. 

Ill hay fever the nasal spray referred to above was, at one 
time, used extensively, but it eventually proved more harmful 
than beneficial. By exhausting the contractile power of the 
nasal mucosa it caused the latter to relax and to block the 
respiratory area. If used at all, it should be only for a short 
time. Matthews®®*’ uses a 1 : 1000 solution in severe cases and 
1 : 2000 or 1 : 4000 in milder ones. Far more efficient is the 
adrenalin ointment 1 : 1000, to reduce the turgescence of the nasal 
mucosa, keeping the latter down by means of a 10-grain to the 
ounce of liquid petrolatum spray, between times. 

Solomon Solis-Cohen recommends the use of adrenalin 
tablets, beginning with Vgo-grain (0.00132 Gm.) doses, and in- 
creasing the latter, if need be, as the patient becomes accus- 
tomed to the use of the remedy until Vio grain (0.0066 Gm.) 
is given. The tablets are allowed to dissolve on the tongue. If 
the patient can remain in a dark room to avoid the reflex excita- 
tion of the sensitive centers, the remedy is given less often. 

Ascites and other Effusions. — ^In this condition, there 
is a more or less great loss to the circulatory blood of its 
adrenal principle, owing to the accumulation in the peritoneal 
cavity of a more or less great volume of its serum. The latter 
being, as I have shown, the intermediary between the red cor- 
puscles and the tissues for the transmission of the adreripxidafie 
to the latter, the ascitic fluid deprives the body of part of its 
oxidizing principle, Le., transfers a given proportion of it 
it cannot carry on its normal functions. In some cases, in 

Weiss: Deutsche med. Woch., Sept. 19, 1912. 

Matthews: British Med. Jour., Feb. 19, 1911, 
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as in one recently observed by Bean,’"" tlie serum may be 
bloody. The marked ansemia and asthenia wlueh eomplieate* 
these cases speak in favor of this view. 

That, in addition, the adrenal prineiple sliould prove 
useful in these cases, suggests itself, since they would restore 
to the organism that which is so essential to its physiological 
welfare. Fleischer and Loeb’®* found tliat injections of a<l- 
renalin not only improved the general condition, but also that 
they increased the rapidity of absor[)tion of the tbiid from tlu^ 
peritoneal cavity. Tyson and .lump’"''’ resorted to this measure 
in 3 cases. In the first patient ascites was due to <'bronie 
parenchymatous nephritis associated with moderate regurgita- 
tion at the mitral valve. Tapping had already been performed 
three times. Nine injections of adrenalin chloride were then 
given in the space of about two weeks, the original dost; vised 
being 71/2 minims (0.5 c.c.) of a 1 : 1000 solution, rapidly in- 
creased to 30 minims (3 c.c.). fi’he first 5 injections were 
given on successive days. After the third injection' the line 
of dullness in the abdomen began to descend, and after the 
sixth ascites was barely demonstrable. The patient had two 
attacks of pulmonary oedema during the treatment, but stated 
that he had had previously several such attacks. 1 be (|uan- 
tity of urine passed gradually rose during the treatment, the 
daily output at its termination being from 70 to KO ounces 
(2100 to 2400 c.c.). Progressive improvement tollowei . 
to the question whether the adrenalin had some miluence upo 
the kid-eye in addition to that on the 

peritoneni., the faot that the pal ent had already h on and.; 
treatment for a long time, irhioli treatment ..1 1 ■ 

cinema, prohahly arieing m aiiareally 

omentum. The Sral “1“"™ i„jeeii„„» «.r. gradaally 

diminished the amount of fluid, J given, after 

increased to 60 minims (4 “^acentesis liecamc ncc- 

which, no improvement ^ causative disorder, however, 

essary. The character of th 
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could but defeat the curative value of the adrenal principle. 
In Bean’s case, from which nearly sixty gallons of fluid, san- 
guinolent at times, we have seen, complete recovery occurred. 

Satisfactory results have also been obtained in serous 
effusions in the pleura and tunica vaginalis after aspiration, 
by injecting into the cavity from 8 minims (0.5 c.c.) to 2 
drachms (8 Gm.) of adrenalin in four times the quantity of 
saline solution. 

GENr:r{AL Indications of Adrenal Preparations. — The 
list of disorders in which adrenal preparations have been, 
and are being, employed could be greatly extended, but I 
have limited myself to those in which their use has proven 
advantageous in tlie hands of a sufficiently large number of 
practitioners to warrant their being added to our trusted 
remedial agencies. In a certain number of diseases they may 
even be said, intei-preted from my viewpoint, to exceed other 
means at our disposal in value. These are: — 

1. Addison’s disease. In this affection adrenal prepara- 
tions compensate for the deficiency of adrenal secretion, and, 
therefore, for deficient general oxidation, metabolism, and 
nutrition. The dosage should be adjusted to the needs of each 
case. Beginning with 3 grains (0.3 6m.) of the desiccated 
extract three times daily after meals, the dose should be gradu- 
ally increased until the temperature and the blood-pressure 
become normal, when the last dose should be maintained. (Sec 
page 103.) 

2 . Surgical heart-failure ; collapse from haemorrhage, shock, 
asphyxia, and submersion. Here the adrenal active principle 
(suprarenal in, adrenalin, etc.), as a catalyzer and a constituent 
of the haemoglobin, promotes energetically the intake of oxygen 
and its utilization by tlie tissue-cells, including the muscular 
elements of the cardiovascular system, and thus causes them 
to resume their vital activity. 

3. The toxaemias, including bacterial infections, surgical 
septicaemias, etc., when collapse threatens, especially when a 
persistently low blood-pressure, hypothermia, and cyanosis are 
present. Besides enhancing pulmonary and tissue respiration, 
the adrenal principle, administered in the same way, enhances 
the efficiency of the immunizing process. (See pages 113 and 
124.) 
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4. Capillary Inumorrliage from the pharyngeal,,a>sophageal, 
gastric, or intestinal mucous membrane. The mastication of 
tablets of adrenal substance, or the oral use of powdered ad- 
renal substance in 5-grain capsules, arrests the flow by. pausing ' 
active metabolism in the muscular elements of the artferiplcs 
of the mucosa and constriction of these vessels. 

5. Asthenic cardiac disorders with dilatation of the right 
ventricle, dyspiuna, and povssibly cyanosis and mdema, oydrig 
to the direct action of the adrenal princi])le bn the right ven- 
tricle and improved oxidation and metabolism in' the cardio- 
vascular muscles and the tissues at large. Tablets of from 
Vi to ^ grains (0.033 to 0.13 Gm.) of the desiccated gland can 
be taken after meals. 

G. Asthma, to arrest the paroxysms, by augmenting the 
pulmonary and tissue intake of oxygeirand the cardio-vascular 
propulsion of arterial blood. From 5 to 10 minims (0.31 to 
0.62 c.c.) of the 1:1000 solution of suprarenalin or adrenalin 
in 1 drachm of saline solution should be injected, drop by drop, 
into a superficial vein, or hypodermically. 

7. To prevent the recurrence of serous effusions in the 
pleura, the peritoneum, the tunica vaginalis, etc., after aspira- 
tion, by reducing the permeability of the local capillaries and 
restoring the circulatory equilibrium. 

8. In neuralgia or neuritis, as pointed out by Carleton, 
applied to the cutaneous surface over the diseased area to ])ro- 
duce ischaemia of the hyperaemic nerves and thus arrest the 
pain. One to 2 minims (0.12 c.c.) of a 1 to 1000 adrenalin 
ointment should be applied by inunction. 

PITUITARY ORGANOTHERAPY. 

I have submitted elsewhere in this work the many reasons 
which have led me to differ from those who consider the 
pituitary body as a secreting gland, and to attribute to this 
organ the functions of a composite nerve-center. Pituitary 
organotherapy, though of marked value, does not mean to me, 
therefore, as did the organic preparations reviewed so far in the 
present chapter, the scientific use of a substance which carries 
on well-defined functions in the body, but rather the use of a 
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tissue rich mainly in chromaffin substance and nucleins, or 
at least in substances capable of producing jointly the effects of 
adrenal preparations (a generally recognized fact) modified, 
and indeed improved, through their combination with other 
components of the j^ituitary body. I may recall in this con- 
nection that of the two lobes, as shown by Howell, Silvestrini, 
Thaon,^®^ and others, the posterior is the only one whose extracts 
are active therapeutically, but that, as shown by Crowe, Cushing, 
and lloirians,’-^ ?t is not removal of this lobe which causes 
death in animals— as it should, were it like the adrenals and 
the thyroparathyroid body, a secreting gland important to life — 
but removal of the anterior, which therapeutically is inert. 

What explanation of the role of pituitary preparations 1 will 
offer, therefore, will not take the so-called secretion into ac- 
count; it will utilize the only certain fact we have at our 
disposal for this purpose, viz., that, as shown by Wiesel, the 
posterior lobe is rich in chromaffin substance — the active com- 
ponent of adrenal tissue — and that it is mainly the physiological 
effects of this substance — though advantageously modified as a 
therapeutic agent through its combination with other constit- 
uents of the same tissue, T repeat — ^that we witness. 

The phenomena awakened by pituitary are strikingly those 
of adrenal preparations. Mairet and Bosc^*’® found, in 1896, that 
subcutaneous injections of pituitary extract produced a rise of 
temperature which lasted but a couple of hours. An intravenous 
dose produced marked myosis, slowing of the respiration, power- 
ful cardiac beats, and hyperthermia as main signs, the animals 
recovering, however. Schafer and Vincent^®® then found that 
pituitary substance raised the blood-pressure — ^besides containing 
a depressor substance — and that this substance when applied to 
mucous membranes caused blanching, as is the case when a solu- 
tion of adrenalin is applied. They also noted that in small 
mammals it caused, in toxic doses, paralytic symptoms which 
they also consider analogous to those caused by adrenal extracts. 
According to Jas. Barr,^®*^ pituitary extract actively produces 

108 Thaon: L’hypophyse, p. 99, 1907. . 

Crowe, Cushing, and Homans: Bulletin of the Johns Hopkins Hospitart 
[ay, 1910. 

1"® Mairet and Bose: Arch, de physiol., p. 600, 1896. 

Schftfer and Swale Vincent: Jour, of Physiol., p. 87, vol. xxv, 1899. 

Barr: Lancet, Nov. 13, 1899. 
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arteriosclerosis, and it is also known to produce glycosuria. In 
other words, it awakens all the typical phenomena, physiological 
and pathological, to which the adrenal product gives rise. 

The marked advantage of pituitary — owing, doubtless, to the 
fact that it is bound up in organic combination with other 
cornjionents of the organ — is that it sustains tiie rise of blood- 
pressure to which it gives rise much longer than docs adrenalin, 
thus being more reliable in shock and other einergency cases. 
It seems also to sustain the temperature and the mns(‘nlar tone, 
cardiac, vascular, intestinal, and uterine, longer tlian tlu^ adrenal 
active principle. It possesvscs also a great practical advantage 
over adrenalin and other adrenal principles in tliat it can be 
administered by the mouth without compromising its effects. 

A product called ‘‘pituitrin” by its manufacturers, in the 
form of a powder, is available on our market for oral use, the 
dose of which is given as 10 to 30 grains (O.Of) to 2 Om.). But 
this dose is too large, 5 to 10 grains (0.33 to 0.6C Gm.) being 
sufficient in most cases. 

There is also a liquid extract of the posterior lobe, wrongly 
termed ^^infundibular extract,” the infundibulum being the 
pedicle which unites both lobes of the pituitary to the base of 
the brain. This infundibular extract affects mucous membranes 
precisely as do adrenal extractives, and sliould be applied only 
when diluted in eight or ten times the same quantity of saline 
solution. It may be given orally in 10- to 30- minim (0.f>2 to 2 
c.c.) doses, or intramuscularly in 3- to 15- minim (0.2 to 0.92 
c.c.) doses. 

Another liquid preparation is also available, ^^vaporole,” 
in small flasks containing 15 minims (0.92 c.c..) of a 20 per 
cent, extract, the quantity for one injection rejiresenting 3 
grains (0.2 Gm.) of the posterior lobe, which contains the active 
agent. The injection should be given intramuscularly in the 
gluteal region, under strict antisepsis. 

Cardiac Disorders. — As showm by Eenon and Delille,^"^ 
pituitary gland raises the depressed arterial tension and corrects 
purely functional disorders of rhythm. 

It is recommended in doses ranging from 3 to 6 grains (0.2 

Rdnon and Delille: Soc. de Thdrap., Jan. 22 and April 23, 1907. and 
Congrds de Mddectne de Paris, Oct., 1907. 
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to 0.4 Gm.) of the wliole gland, in myocardial weakness, par- 
ticularly in that due to infections when the blood-pressure is 
receding, the pulse is becoming more rapid, and the urine 
scanty. While less active than digitalis as a diuretic, it never- 
theless serves a valuable purpose in this connection. It is 
advantageous in mitral disorders when there is hyposystole and 
in chronic myocarditis, particularly that due to alcoholism. It 
is also useful in the tachycardia of certain neuroses and during 
menopause. These results have been confirmed by Trerotoli,^*'® 
ParisoV**^ and others. 

It is contraindicated in aortic affections in any disorder in 
wliich high vascular tension prevails, and where there is a 
tendency to anginal pains, which it tends greatly to aggravate. 

Pituitary gland is preferred to adrenal and particularly 
adrenalin, as stated above, when the action is to be sustained, the 
fonner being useful in urgent cases. Kenon and Delille, how- 
ever, prefer digitalis, and recommend pituitary gland only when 
the latter fails. Leonard Williams,'’^ on the other hand, deems 
it superior to digitalis, strophanthus, strychnine, and other 
classic tonics in what he tenns the ^^ninaway heart of toxic 
states,^^ influenza, pneumonia, bronchitis, etc., with tachycardia, 
but low blood-pressure, and in all cases in which there is post- 
toxic cardiac debility. In these cases — which, from my view- 
point, are instances of pure hypoadrenia — ^Williams regards 
pituitary preparations superior to any remedy at our command. 

In heart-failure and shock, it has been highly recommended 
by Mummery and Lymes and Bell and Wray, 15 minims (0.92 
c.c.) of the extract being injected intramuscularly. While its 
virtues would seem to recommend it for the perpetuation of the 
effects of adrenalin, which are, at best, but temporary, the 
number of cases in which it has been tried has been too limited 
so far to warrant an opinion as to its actual value. 

Obstetrics. — Dale“^ found experimentally that extract of 
pituitary caused '"direct stimulation of involuntary muscle with- 
out any relation to innervation.^^ Frohlich and Prankl-Hoch- 
wart”‘* then ascertained that it caused contractions of the preg- 

'"OTrerotoli: Rlvlsta critica dl cllnica med., Nos. 32 and 33, 1907. 

Parisot: Pression arterielle et glandes ft sdcrction Interne, Paria» 1JW8. 

Williams: Clinical Journal, May 18, 1910. 

'“Dale: Biochemical Journal, 1909. 

Frohlich and Frankl-Hochwart: Wiener kiln, Woch., No. 27, 1909. 
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nant uterus in rabbits, while Foges and Hofstetter”^ resorted 
to this property to cheek postpartum and other uterine lueinor- 
rliages in 63 cases. The extract proved worthless by the moutb ; 
but when injected intramuscularly, marked uterine contraction 
appeared within five minutes and lasted a long while in most 
cases. Voigts’ found pituitrin most satisfactory in 60 cases; 
1 c.c. (15 minims) sufTiced. Pouillot and A^ayssieres”"**^ give 
7y2 minims intramuscularly several times daily in all adynamic 
or hemorrhagic conditions. Ih’apl”*''’ recommends it in placenta 
previa of the marginal type. 

S. J. Aarons”'**^ found pituitary extract (vaporole) superior 
to ergot in labor cases. The uterus contracted better, more 
quickly, and more persistently than under ergot. It should not 
be used, however, until after completion of the third stage of 
labor, with the possible exception of certain cases of jdacenta 
prajvia. The author gives brief histories of It illustrative cases. 
Among these is one of placenta pnevia. in which, after version 
and expulsion of the fetus, removal of the placenta was accom- 
panied by profuse hamiorrhage. An intra-uteri no douche of 
weak bichloride of mercury at 120° F. (18.9° (\) was given and 
pituitary extract injected deeply in the buttock ; after this, there 
was no further loss and the uterus remained well contracted. 

More recent clinical experience has, however, brought out 
some dangerous features. Nagy^^^ observed that it decreased the 
action of the fetal heart. Spaeth”"'*^ had 2 cases of death in the 
newborn which are ascribable to this cause. Various authors 
have noted tetanoid spasm of the uterus. J. (fiifton Edgar” 
states that both small and large doses have caused, through this 
defect, fatal compression of the fetus, premature separation of 
the placenta, and deep rupture of the cervix, his experience be- 
ing based on 70 cases. In 39 of these in the first and second 
stages there were 2 and probably 4 still-births, and 3 instances of 
deep laceration requiring sutures to control the bleeding. 

Pituitary extracts are evidently not safe agents in parturi- 
tion. The author suggests, however, that the use of the extract in 
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STibinvolution be limited to cases with associated low blood- 
pressure. 

Ott and Scott^^® found infundibulin, i,e., extract of the 
posterior lobe, to act as a powerful galactogogue in the goat. So 
far, however, it has not been tried in women. 

Infectious Diseases. — In this general class of disorders 
the use of pituitary acta, from my viewpoint, and in keeping 
with the effects of adrenal preparations, by enhancing the 
immunizing activity of tlie blood and the tone of the cardio-vas- 
cular system. 

Itenon and Delille”^ found that in typhoid fever it raised 
the blood-pressure, slowed the pulse, increased diuresis, and 
improved the patients in general, hastening convalescence 
noticeably. In diphtheria, in which the toxin reduces the 
vascular tension and promotes cardiac complications, it low- 
ered the pulse-rate, raised the blood-pressure, and increased 
diuresis. In erysipelas it seemed to hasten the favorable evo- 
lution of the disease. In pneumonia it raised the blood-pres- 
sure when this became low, but without influencing favorably 
the evolution of the disease. In bronchopneumonia, however, 
the opposite proved to be the case, considerable benefit being 
noted. Influenza was found to be very favorably influenced, 
rapid recovery resulting in patients aged, respectively, 80 and 
63 years. This was confirmed by Azam,“® in the infectious 
form. Renon and Azam enumerate the phenomena which, in 
infectious diseases, indicate the need of pituitary: 1, a fall 
of the arterial tension ; 2, quickening of the pulse and, as com- 
plementary minor phenomena, insomnia, anorexia, abnormal 
sweating, and heat flushes. Under the influence of pituitary 
there occur: 1, increase of arterial tension; 2, slowing of the 
pulse, with increase of power and amplitude; 3, increased diu- 
resis ; 4, increase in weight ; 5, hastening of convalescence. 

In several cases of tuberculosis treated by Renon and 
Delille, the results were not, on the whole, encouraging. In 
a case of Addison^s disease complicating tuberculosis, however, 
there was a notable rise of the blood-pressure and diminution 

ott and Scott: Monthly Cyclopaedia and Medical Bulletin, Nov., 1®!®* , 
^i7R6non ai}d Delille: Bull. g6n. de Thdrap., Feb. 8, 1907, and DeltUo: 
Loc. ciU _ 
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of the asthenia, Trerotoli had already noted the beneficial 
effects of pituitary body in Addison's disease— a fact which 
further suggests that the active agent of pituitary substance 
is its adrenal component. 

Acromegaly. — The possible value of pituitary extracts 
in acromegaly, a disease of the pituitary body, has naturally 
suggested itself, but, although a few of the symptoms, the 
headache, lethargy, and amnesia, were relieved in some, no 
cures were obtained. This subject has already been referred to 
on page 607. 

Analysis of the cases reported as benefited suggests an 
explanation of its mode of action, however, one quite apart 
from any functional relationship with the organ as the source 
of an internal secretion, but entirely in keeping with the pres- 
ence in the pituitary preparation of adrenal secretion in or- 
ganic combination. Marinesco^^® observed that it was the 
extremely violent headaches that were relieved, there being 
no benefit otherwise excepting perhaps increased diuresis. 
Kuh,^^® obtaining no favorable result, withdrew the remedy, 
but the patient begged to be given the powders again, having 
found his headache much more intense when he failed to take 
them. The same observation had been recorded by Cyon,^^^ 
the patient, an obese child of 12 years, having besides lost 
twenty pounds in weight. What benefit was obtained in 1 
case out of 7 cases treated by Kinnicutt’-^ was also limited 
to' the headache and neuralgia. Leszynsky,^^** after a prolonged 
trial in 2 cases, wrote: ^‘Whjle some published reports as to 
the efficacy of the preparations of the sheep^s gland have 
seemed quite encouraging in so far as the relief of headache 
and of paraesthesia of the hands is concerned, it is the gen- 
eral consensus of opinion that it in no way influences the 
progress of this disease/^ 

Still, the relief of the headache and parsesthesiae indicates 
some potent action. This is accounted for if the adrenal prin- 
ciple is considered as the active agent of pituitary prepara- 
tions, since, as Langley has shown, it is principally upon the 
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arterioles that the adrenal principle acts, a view which has 
now become classic. Such being the case, the tumor of the 
pituitary, or the compressed tissues around it, receive less 
blood through their constricted arterioles, and the sensory ter- 
minals of the peripheral likewise. The resulting* ischaemia of 
these tissues thus accounts for the diminution of pain — as long 
only as the remedy is administered. • 

Exophthalmic Goiter. — Renon and Delille '24 obtained 
considerable improvement in this disease by the use of pituitary 
gland. From the fourth to the fifth day, the sleeplessness, 
tremor, digestive disturbance, sweating, and sensationof heat were 
considerably lessened. The tachycardia improved less rapidly, 
the pulse becoming slower gradually and attaining its slowest 
rate toward the fifteenth day. The arterial tension also rises 
steadily, attaining the maAimum toward the third week, fall- 
ing again somewhat, but not to the former low level. Some 
diminution of the exophthalmus occurred, but the goiter was 
not reduced. The dose administered was 4^^ grains (0.30 Gm.) 
of the whole pituitary (ox) gland daily, a dose which they 
deem advisable to increase to 7% grains (0.50 Gm.) in divided 
doses daily. The symptoms tend to return, however, on dis- 
continuing the remedy. Cases subsequently treated were also 
benefited, but no cures were effected. 

This mode of action, from my viewpoint, corresponds 
precisely with that referred to under the preceding heading. 
We have seen in the fifth chapter that the main pathological 
condition, that to which all the^ prominent symptoms of ex- 
ophthalmic goiter were due, was a general dilatation of the arte- 
rioles. Pituitary extracts causing constriction of these vessels 
as long as it is administered, it offsets for the time the morbid 
phenomena enumerated. That such is actually the case’ was 
demonstrated by Hallion and Carrion, who found, experi- 
mentally, that pituitary extracts ^^always produced their effects 
by raising the arterial tension,^^ producing at the same time 
^^an intense vasoconstrictor action upon the thyroid body/^ 
Briefly, we have here precisely the physiological action neces- 
sary, the vasoconstrictor power of the adrenal component of 

R^Qon and DelJlle; Soc. Oestb^rap., March 13, 3307. 
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the pituitary gland superseding the vasodilator action of the 
thyroid, the underlying cause of the disease. 

Nervous and Mental Diseases and Myopathies. — 
Renon and Delille used pituitary in 10 neurasthenics in whom 
tachycardia, irregular vascular tension, often behuv normal, a 
, sensation of oppression, myasthenia, insomnia, and anorexia 
were present. In these cases, 3 to 5 grains (0.2 to 0.3 Om.) 
daily proved remarkably useful, though no complete recovery 
was noted. 

Delille and Vincent^^® obtained a complete recovery in a 
grave case of bulbo-spinal myasthenia by the simultaneous use 
of pituitary and ovarian extracts. Parbon and I^rechia and 
Leopold-Levi and de RothschihP-^ had also obtained favorable 
results with pihiitary in similar cases. Brown ing^‘^ observed 
good effects in cases of chorea in which this disorder oc- 
curred in conjunction with stunted growth, as shown under 
the next heading. 

In epilepsy, it was tried by Mairet and Bosc/“® but only 
served to increase the number of attacks — a result to be expected, 
since Spitzka has shown that these were due to abnoianal eleva- 
tion of the blood-pressure. In some instances it provoked 
‘delirium. 

Sollier and Chartier^®® tried pituitary in mental disorders 
and found it useful in depressive states. It raised the blood- 
pressure, reduced the pulse, suppressed profuse sweating, and 
improved the asthenia. The synthesis of perceptions and the 
association of ideas were improved, and mental operations were 
incited more promptly. ' 

Stunted Growth and Imrecility. — In the case of a child 
of 3 years, which had shown the evidences of hypothyroidia with 
idiocy sufficiently to suggest the use of thyroid, Leopold-Levi 
and de Rothschild found this agent useless. The case being 
attended with marked myasthenia, they administered pituitary 
- extract grains (0.1 Gm.) twice daily, which corresponded 
with 7% grains (0.e5 Gm.) of the fresh gland. Marked signs 
of improvement appeared within a few days. The intelligence 
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developed to a remarkable degree, and soon reached that of a 
child of a corresponding age, 3 years, though before the treat- 
ment it did not exceed that of a 7 or 8 months^ infant. Two 
similar cases, one of which showed symptoms of Little^s disease, 
were similarly benefited. 

Browning^ •*** used pituitary only in undersized or backward 
children and youths (not real dwarfs or midgets). He gives the 
following histories: — 

1. A frail, choreic girl of 14 years had made little or no 
recent advance in growth. On pituitary, with some accessories 
for the chorea, she gained a couple of pounds in weight and 
over an inch in height in three and a half months, the chorea 
disappearing. 2. A slightly rachitic boy of 2 years, after a 
period of cessation of growth, increased from 25 to over 30 
pounds over 20 per cent.) in six months on the somewhat 
irregular administration of pituitary, — besides recovering in all 
ways, and keeping up his good progress since, though at a slower 
rate. Browning noted when growth is once started up in this 
way it usually keeps on satisfactorily. 3. A somewhat choreic 
boy of 13 years and of scanty physique received pituitary, 
besides at times arsenic and accessories. Although his growth 
was said to have been at a standstill previous to this, he gained' 
2 inches in height and 10 pounds in weight in the next eight 
months. In another ten months, on somewhat irregular con- 
tinuation of the pituitary, he made a further gain of 3 inches 
in height and 11 pounds in weight, — ^when the father began to 
inquire anxiously for agents with the opposite effect. This is a 
record for a year and a half, of 5 inches in height and over 20 
pounds in weight, the patient having been under 56 inches and 
70 pounds at the start. 

Intestinal Paresis. — Bell and Hicks^®* have found pitui- 
tary extract of value in paralytic distention of the intestines. 
It never failed either in post-operative or other paresis if |^yen 
intramuscularly when the intestine begins to distend in 16- 
minim doses (0.92 c.c.) repeated in an hour, if required. The 
effect is then sustained by daily doses if need be. The benefielal 
influence of the injections was, as a rule, noticeable in ft ^ 
minutes. 

Browning; Loc. cit. 

^Bell and Hicks: British Medical Journal, March ^7, 1909. 
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As is well known, the ovaries correspond in many particulars 
with the testes in their influence upon development. Eemoval of 
the former prevents the normal development of the uterus and 
the appearance of menstruation, while their removal after puberty 
arrests menstruation and is followed by atrophy of the remaining 
structures of the genital apparatus. The whole organism is in- 
fluenced by the ovaries, for their destruction or absence causes 
girls to grow without tfie general physical attributes of the 
female sex. This led Brown-Sequard to consider the ovaries as 
the source of an internal secretion. This view has been upheld 
by many observers who found that ovaries transplanted in the 
abdominal cavity, t.c., elsewhere than in their normal location, 
restored to the other genital organs the power to develop and 
carry on their physiological functions. The identity of this 
supposed internal secretion and the manner in which it carries 
on its function have, however, remained obscure. 

My own view, submitted at the beginning of this chapter, 
does not cover this feature: it refers only to the manner in 
which ovarian preparations produce tlieir effects. It points out 
that these are similar to those awakened by adrenal substance, 
and that it is probably to the presence of this substance — not 
necessarily an internal secretion — ^in the ovaries that they must 
be attributed. There exists, as shown by Schafer, a close homol- 
ogy between the interstitial of the ovary and the same cells in 
the adrenals; both sets of organs are derived from the Wolffian 
body; ovarian extract raises the blood-pressure and slows the 
heart, as shown by Fedoroff,^®^ Jacobs,^®^ and others. Removal of 
the ovaries, moreover, reduces the oxygen intake 10 per cent., as 
shown by Loewy and Richter,^^® while ovarian extract restores 
it; it has been, therefore, regarded as an oxidizing ferment. 
Neumann and Vas^^® noted that ovarian extract enhanced 
metabolism ; Senator observed that ovarian preparations in- 
creased diuresis and the excretion of urea and phosphoric acid. 
Its physiological effects are those of adrenal preparations, there- 
fore, in every respect. 


iwPadoroff: La Gynftcologie. Oct. 15, 1891. 

lu Jacobs: Dublin Jour, of tbe Med. Scl.-, S^t. 1, 1897, 

iw Loewy and Richter: Berlin, kiln. Woch., Bd. xxxvl, S. 1TO5. 1W9. 

^Neumann and Vas: Monats. t. Geburtsh, u. Gyn.. Bd. xv, S. 433, 1902, 
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Its effects on oxidation are so striking, in fact, tliat they 
have been clearly recognized by many clinicians. ^‘We are 
authorized to classify ovarian organotherapy among the oxidizing 
agents/^ write Dalche and Lepinois.^®^ ‘‘This conclusion, it must 
l)e admitted, is that reached by several authors. Curatello and 
Tarulli believe that the internal secretion of the ovaries favors 
tlie oxidation of phosphorized organic substafices, hydrocarbons, 
and fats. According to Gomes, it enhances oxidation and 
liydrolysis and favirs the elimination of phosphates, 

Albert Kobiii and JIaurice Binet have shown that there is during 
menstruation an increase of the respiratory exchange. Keller, 
studying the general exchanges, found that there was increased 
nitrogen oxidation. We have ourselves found tliat menstruation, 
in itself, enhances vital functions and particularly the great 
function of general oxidation.^*’ Sauve^'*^* states that ovarian 
extract increases the hiemoglobin content of the blood. 

The preparation in general use is the desiccated gland, 
which may be given in doses of 2 to 5 grains (0.132 to 0.33 
Gm.) twice daily. The fresh organ may be employed in 10- to 
15- grain (O.G to 1.0 Gm.) doses where the pharmaceutical 
product is not available. It soon loses its effect; small doses 
should first be given, then gradually increased. 

Ovarian preparations have been tried in many disorders, but 
it is mainly in connection with those of the genital apparatus 
that they have been found of actual value. 

Natural and Artificial Menopause. — In disorders oc- 
curring in the course of the ph 3 ^siological menopause, or when 
the latter is produced by bilateral oophorectomy, ovarian prep- 
arations have proven of considerable value in a large proportion 
of cases since Brown-Sequard first introduced their use. Experi- 
ence has shown, however, that the improvement lasts only as 
long as the agent is administered, and that, furthermore, certain 
phenomena : the palpitation, trembling, and “nervousness,^^ dis-' 
appear earlier than the others, i.e., the asthenia, flushes, irrita- 
bility, and psychoses, though effects in all symptoms, including 
the cutaneous disorders, — especially acne rosacea and eczema,-^ 
are promptly realized, sometimes as early as the fourth day. 

^®^Dalch6 and L^pinols; Bull. g6n. d. thdrap., Jan. 8, 1902. 

Sauy4: Paris inddlcal» April L 1911. 



CORPUS LUTECM ORGANOTHERAPY. 


777 


These effects are normally explained by the influence of 
the remedy on general oxidation and the improvement of the 
antitoxic functions of the blood, the imperfect hydrolysis of 
tissue wastes being the underlying cause of the phenomena other 
than the general asthenia. 

The best results are obtained in young women who liave 
grown obese after removal of the ovaries,^ or in whom obesity is 
due to ovarian insufficiency. In physiological menopause they 
are less marked, as a rule, and sornotiines fail altogether to 
appear. In such instances, good results may sometimes be 
obtained by giving simultaneously 1 grain (O.Ofh) Gm.) desiccated 
thyroid, or by depending upon the latter remedy alone. In 
congenital ovarian insufficiency, desiccated ovary has caused the 
appearance of menstruation. 

W. E. Dixon, of Cambridge University, recalls that the 
presence of ovarian tissue in the body, however small in amount, 
is sufficient to prevent the distressing symi)toms which frequently 
follow complete extirpation ; even transplanted ovaries are some- 
times able to prevent the menopause attending removal of the 
ovaries. Hence the beneficial effects of ovarian preparations. 

Of late, however, the general attention has been centered 
upon the therapeutic use of the essential structure of the ovary, 
the corpus luteum. 

CORPUS LUTEUM ORGANOTHERAPY. 

The consensus of opinion at the present time is that the 
internal secretion of the ovary is produced by the corpus luteum. 
The function of the corpora lutea in the early stages of their 
life is to initiate growth processes in the uterine cavity by means 
of this internal secretion and subsequently to preside over the 
nidation and development of the ovum, and the cyclic engorge- 
ment preceding menstruation. The recent labors of Fraenkel^*’*^ 
confirming his previous investigations have strongly sustained 
the internal secretion theory and its controlling influence over 
the above functions. He found, moreover, that the therapeutic 
. value of corpus luteum was limited to cases presenting symptoms 
of vasomotor origin due to absent or deficient ovarian activity. 
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This coincides with the earlier conclusion of J. G. Clarke^^® 
that the office of the corpus luteum was, among others, that of 

preserver of the ovarian circulation” — a fact which explains 
in turn the presence of adrenal-like tissue, whose secretion, as 
is well known, is eminently capable of sustaining vascular 
tone. Indeed, as is generally believed, it is the corpus 
luteum which produces the ovarian internal secretion; it should, 
in accord witli what T have stated concerning the mode of 
action of the ovaries, also produce effects similar to those of 
adrenal preparations. \Vc need but recall that in the adrenal 
hypernephroma of cliildren one of the essential plienmnena 
witnessed is the extraordinary development of the genital organs, 
those of a child of 5 years, for instance, being practically those 
of an adult. Bonin, Ancel, and Villein in^^^ found that the 
primary elfect of toxic doses of lutean extract was a violent 
elevation of the blood-pressure, sufficient to produce effusion into 
all serous cavities. The physiological effects of therapeutic 
doses have not been sufficiently studied to show positively, as 
was the case with the ovaries, that they are all those of adrenal 
preparations, though what there is known points in that direc- 
tion. One fact is certain, however, viz., the functions of the 
organ should not be ascribed to its internal secretion; its mission 
is probiibly limited to that of sustaining the circulation of the 
ovarian circulation, as pointed out by J. G. Clarke. 

The preparations available include desiccated corpus luteum 
(glandidce Intei desiccatw) ^ which may be given in 3- to 5- grain 
(0.2 to 0.3 Gm.) doses three times daily. It is usually admin- 
istered befor(! meals, but if, as is sometimes the case, it causes 
gastric disturbances it may be administered during, that is to 
say, in the course of, the meal. The term ^Mutcin” is sometimes 
applied to the same product, but it is misleading, and its use 
should be discouraged. 

The indications for desiccated luteum are similar to those 
for ovarian preparations. 

Natural and Postoperative Menopause. — It must be 
said that the evidence as to the therapeutic value of desiccated 
luteum is, to say. the least, conflicting. Morley,'^^ who supplied 

1*® Clarke: Johns Hopkins Hospital Report, vol. 11, No. 4, 1898. 

Bouin, Ancel, and Villemln: Nouveaux RemMes, March 8, 1907. 

142 Morley: Jour. Mich. State Med. Soc., Nov., 1909, 
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desiccated luteum to ten physicians, and obtained reports of its 
use in 18 cases, 14 of which suffered from postoperative meno- 
pause, and 4 from natural menopause, states that 5 were cured, 
12 improved, and that but 1 failed to be relieved. 

C. A. llilP^^ also reported results obtained with extract of 
corpora lutea in 12 patients, ranging in age from 25 to 38 years, 
who showed the most severe type of nervous syniptoms after 
removal of both ovaries. The ^hiervousness” was completely 
relieved by the treatment in each ease. In only 2 cases, however, 
was there coTnplete relief from flashes of heat. In another case, 
suffering from insomnia, whic'h had continued ever since the 
operation over a year before, and was uninfluenced by hypnotics, 
complete relief was attained after the use of 50 5-grain (0.33 
Gm.) capsules. One case reported an increase in sexual desire, 
while in the remainder no noticeable change was experienced. 
No complete cures were obtained. Several cases had interrupted 
treatment only, and others, who ceased treatment, were com- 
pelled to resume owing to return of symptoms. The preparation 
in each case was given in 5-grain (0.33 Gm.) capsules three 
times daily, one-half to one hour before meals. 

On the other hand, Ellice McHonakP'*'* publishes a ref)ort 
of 20 personal cases in which he had used a similar preparation. 
^^The results of this study, small though they 1)e, extending over 
five years,^’ writes this observer in his conclusions, ^‘seern to 
indicate that the control of surgical menopause need not be 
sought in the corpora lutea. Its value is in cases in which the 
uterus and ovaries or uterus alone arc retained, rarticularly is 
it valuable in the treatment of scanty menstruation and the 
premature menopause. I have treated a number of cases at the 
outdoor dispensary of the Kensington rioFj)ital for Women, with 
extract of the whole ovary, and never saw any definite results 
therefrom. But the lutein extract, being the essential part of 
the ovary, does seem to help in some degree and should be 
accompanied, in suitable cases, by dilatation of the uterus, with 
the use of the stem pessary following operation, as advised by 
Manson. At least, administration of lutein is indicated after 
operations on pregnant women in whom miscarriage is feared. 

i«Hm: Surgery, Gynecology, and Obstetrics Dec 1910. 

McDonald; Jour. Amer. Med. Assoc., July 16, iJio. 
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This is particularly true iii the early weeks of pregnancy during 
tlie imbedding of the ovum, as it has been shown experimentally 
that tlie corpus lutoum has a definite elTect under such cir- 
cumstances/^ 

It is obvious that the clinical experience at our disposal is 
still top limited to warrant any decision as to tlie actual value 
of corpus luteiim, though it must be said that many desultory 
cases have been published in which, its use was extolled. 
McDonald rightly lays stress on the facts that “the manifesta- 
tions of the surgical menopause arc too varied and extreme to 
allow explanation by the mere absence of the internal secretion 
of the ovary. The internal sec-retion of the ovary is but a factor 
in the process of the menstrual life.’’ 

I would go one step further and express a doubt that we 
are dealing at all wnth an ^finternal secTetion,” a designation 
applied to alimx^t any organic juice nowadays, and reiterate what 
I say elsewhere, viz., that true internal secretions are fewer 
than is generally believed. 

ORCniTK^ OR TKSTICUTLAR ORCiANOTllERAPY. 

From the standpoint of therapeutics, testicular prepara- 
tions can hardly be regarded as of more than Iiistorical interest. 
The influence of the testicles on the body at large is well known. 
Castration influences the develojmient of the organism in many 
particulars. Eunuchs preserve to a certain extent the char- 
acteristics of infantilism, the skin remaining soft and white, 
their muscles flabby and weak, and the voice high pitclied. Yet 
they are usually tall, owing to inordinate growth of the bones. 
They lack courage, initiative, and intelligence. It is evident, 
therefore, that the testicles do hot carry on genital functions 
only. Brown-Sequard taught that they carried on a dual role: 
1st, procreation; 2d, the production of an internal secretion 
which stimulates and sustains the energy of the nerve-centers 
and cord, and capable, moreover, of endowing the individual 
with physical, moral, and intellectual characteristics of sex. 
His own physical and intellectual activity having been greatly 
improved at the age of 72 years, by injections of an extract 
prepared from the testes of young dogs, he concluded that it 
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possessed marked therapeutic value. No one who, as I did, saw 
Brown-Sequard before and after he had submitted himself to 
this treatment could stretch his imagination sulheiently to 
attril)ute the change in his appearance to auto-suggestion. lie 
literally looked twenty years younger. 

The prevailing opinion is that tlie beneficiat elTccts obtained 
from testicular preparations are not due nec^essarily to an 
internal secretion, tliough the existence of such is not denied, 
but to nucleo-albiimins, substances that are rich in phosphorus, 
resembling greatly lecithins and glycerophosphates.. 

As previously stated, the testicular active principle, spermin, 
from my viewpoint, is, or at least ('orresponds with, as to its 
physiological action with thv. adrenal principle. We have seen 
tliat the latter sustains oxidation and metabolism. Batty 
Shaw,’*^*'’' unaware of any siich connection, writes: “Spermin 
j)ossesses the very curious property of being an oxygen carrier, 
and, accordiiig to Poeld, is rcsjamsible for those internal oxida- 
tions which take place in the body tissues.’' Again, 1 have 
urged that the adrenal secretion carries on its oxygenizing func- 
tion catalytically as a ferment, rantchenko^’*^' states that 
“Spermin acts catalytically, thus increasing the oxidizing 
power of the blood, and simultaneously activates the intra- 
organic oxidation processes where these are weakened.” ore- 
over, as is the case with the active adrenal secretion, spermin 
gives, according to IMari, the gnaiac and Florence haanin test — 
which consists in adding a drop of iodine-])otassium if)dide solu- 
tion to tlie fluid obtained by soaking a seminal stain in water. 
At the point of contact of the two drop^, dark-brown needle- 
shaped or rhomboidal crystals will form which resembh* the 
crystals of lucmin. 

Dixon states that a constihient of orchitic extract is un- 
altered l)y boi’ing; McCarthy holds that it increases the force 
and regularity of tlie heart much as does digitalis. It enhances 
the resistance to disease, increases the production of urea, and 
also acts directly upon the cardio-vascular system. Moreover, 
as shown by Foehl — a tact which imlicates that it is not specihe 


Shaw: “Organotherapy,” p. 205, 1905. 

Pantchenko: Tribune medlcale, vol. x.xvii, p. 11, ISJU. 
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to the testis — it is a ubiquitous constituent of the whole organism, 
in the female as well as the male. 

Testicular preparations, including spermin, liavo been recom- 
mended in a host of disorders, jiartieularly tabes, neurasthenia, 
melancholia, impotence, and paralysis agitans; in several cuta- 
neous disorders, K3czema and psoriasis; in disorders of nutrition, 
gout, obesity, and glycosuria; but others again have failed to 
obtain any favorable results. Spermin has also been recom- 
mended by Poehl an.d his followers not only in the majority of 
the foregoing disorders, but in many others besides, in acne, 
rheumatism, syphilis, marasmus, and in various infections, such 
as typhoid fever, diphtheria, and even cholera. It has been 
.tried in Addison’s disease, but adrenal preparations are to be 
preferred. 

In the light of the analysis submitted above, however, there 
is good ground for the belief that beneficial effects were obtained 
in all these maladies. That the nucleo-alburnins of orchitic 
extract acting as would gl3^ccrophosphate3 could be beneficial in 
the disorders enumerated, no one can deny. This can hardly 
be said, however, of the cutaneous and nutritional disorders, 
unless the spermin the extract contains, by enhancing oxidation 
and tlie destniction of toxic wastes, proves to be the active 
agent. Spermin itself — as adrenoxidasc — is unquestionably 
capable of doing this actively, and in syphilis and marasmus to 
markedly enhanc’c the functional activity of all tissues. Again, 
the beneficial role of spermin in infections finds its explanation 
in a fact 1 have repeatedly emphasized, viz., that the oxygenized 
adrenal secretion, tlie active agent of spermin, from iny view- 
point, is an active participant in all immunizing processes, local 
and general. The main point to determine, however, is whether 
orchitic extract, or spermin, affords better or as good results in any 
of the disorders enumerated than other remedies at our disposal. 
The evidence available indicates that such is not the case. 

KIDNEY ORGANOTHERAPY. 

"J'hat the kidneys produce an internal secretion is still 
problematic. Brown-Sequard, having removed the kidneys and 
caused unemia, found that the injection of a glycerin extract of 
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kidney prolonged the life of the animals as compared to those 
in wlricli the same operation was not followed by the use of the 
kidney extract. This ex|x*riment, wliicli has been repeated by 
otliers, forms the basis of the lielief that the kidney produces an 
internal secretion. That such a conclusion may not be war- 
ranted is suggested by the fact that the kidneys, along with some 
of the organs so far reviewed, are also rich in adrenal tissue — 
the so-called ^"adrenal rests’^ from which hypernephroma some- 
times develops — and that as such they are capable, as an active 
factor in the immunizing functions of the body, of counteracting 
temporarily the toxaemia or ^hiramiia” brought on l)y removal of 
the kidneys. Indeed, the relief afforded is but epliemeral, death 
being postponed but one to two days in rabbits, in which 
Bitzou^^"^ repeated Erown-Sequard’s experiments. Dromain and 
de Pradel Bra^**^ had also noticed that injections of kidney 
extract lessened the fits of epilepsy, another toxaunia. Dubois^"^" 
and lienauP^" have also found that kidney extracts were endowed 
with antitoxic power. 

That we are again dealing mainly witli a manifestation of 
the adrenal principle is further suggested by its powerful blood- 
pressure-raising property. Tigerstedt and Bergman found that 
rennin possessed this power; Bingel and Strauss’^*' recently con- 
firmed their observation, and found that its ad-ion corresponded 
with that of adrenal and pituitary extracts, those of other organs 
causing depressor effects. The rise of pressure ])roduced by 
kidney extract was high, from 40 to (>() mm. llg, and 
lasted from fifteen to thiiiy minutes. The authors concluded, 
moreover, that ^^the action of rennin, like that of adrenalin, is 
exerted in the muscles of the peripheral vessels.^’ Its general 
action, however, is more like that of pituitary body extract, the 
adrenal principle being doubtless combined organically, as in the 
pituitary, with bodies which prolong and perhaps control ad- 
vantageously the aedion of the former. Jjike adrenal 7)repara- 
tions kidney extract produces dilatation of the pupil. ^Ihis 
sustains my opinion that its action is diu^ to adrenal primaple. 


Jour, de physiol, et de path. g6ner., Nov. 15, 1901. 

Dromain and de Pradel Bra: C.-r. hcb. des scl. et mfim. de la Soc. do 
Biol., Paris, 1895. 

Dubois: Soc. do Biol., p. 287, 

’«»Renaut; Bull. g^n. de thtlrap., T. 147. pp. 3 and .i7, 1901. 

Bingel and Strauss: Dcut. Archlv f. kiln. Med., xrvi, S. 4e>, 1J09, July 
26 . 1895 . 
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Even the oxidizing power I have attributed to the adrenal 
secretion seems to be reproduced; Batty Shaw/®^ who also finds 
^Sxu'y little justification for the existence of an internal secre- 
tiorf ’ in the kidney, remarks that ^‘possibly nephrin and other 
renal prej^arations provide a means of stimulating oxidation in 
general, the kidney merely sharing in this oxidation” — a very 
accurate estimate from my viewpoint. Shaw adds, moreover, 
that ‘^similar good results have been reported as a result of 
treatment by means of spermin and testicular extraeV^ both of 
which, as I have shown, also owe, in all probability, their thera- 
peutic elfects to the adrenal principle they contain. 

The ihcrapeutic application of kidney preparations has re- 
ceived considerable attention, and favorable results have been 
reported in about one-lialf of the cases of chronic nephritis, or 
Briglit’s disease, in which it was tried. The mode of action, in 
the light of tlie facts submitted above, is mainly an increase of 
the antitoxic power of the blood and diminution, therefore, of 
the irritation of renal apparatus. Page and Dardelin,^*^® for 
example, report marked amelioration in 18 cases, using a 
maceration prepared as folloAvs: A very fresh kidney from a 
pig is cut into minute pieces, washed with fresh water to 
remove the excess of urine, then hashed and pounded into pulp. 
Tliis pulp is put into ^100 grammes (9 ounces and 5 dracihms) of 
fresh water to which the physiological proportion of salt, 7.50 
to 1000, lias been added. It is then allowed to macerate for three 
hours, stirred occasionally, and kept in a cool place to avoid 
fermentation. The red w’atcT of the maceration is divided into 
three ])arts to he drunk by the patient during the day. It is 
more conveniently given, however, in tablet form, as ^hiephritin^’ 
prepared in this country by Peed and Carnricdc. Only the active 
substance of the kidney is used in this preparation, the dose 
being from 10 to 15 5-grain (0.53 (Im.) tablets daily in divided 
doses, given between meals. 

Kidney preparations have also been ilsed with more or less 
advantage in puerperal intoxications and epilepsy, but their 
field is essentially the various forms of nephritis, and particularly 
for the prevention of uramiia. They also tend to increase 

*®®Shaw: hoc. cil., p. 216. 

103 Page and Dardelin : Presse medicale, Dec. 21, 1904, 
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diuresis and reduce tlie albumin. As stated above, however, favor- 
able effects are to be expected in about one-half of the eases. 

MAMMARY GLAND ORGANOTHKUAl’Y. 

It is held by some that the mammary ^laiid produces an 
internal secretion, but what evidence there is on the subject is so 
weak that it can hardly be taken into account. Introduced 
by Bell, of Glasgow, and in this country by the late John IL 
Shober, it has shown therapeutically marked stimulating action 
upon the uterus, but the manner in wliicli it produces this effect 
has remained obscure. An extract lowers somewhat, and but 
temporarily, the blood-pressure and the pulse. According to 
Shober, it diminislics the blood supplied to the uterus and thus 
controls haunorrhage, its action resendjling that of ergot, though 
free of the unpleasant effects of the "atter drug. From my view- 
point, therefore,, it would act by causing constriction of the 
arterioles. 

Mammary gland is prepared in the form of a tablet made 
of the desiccated gland of the sheep, each tablet repri'senting 20 
grains (1.32 Gm.) of the fresh gland. The dose is from 3 to 6 
tablets daily. 

The therapmUc application is restricted to the genital ap- 
paratus. In cases of uterine fibroids characterized by excessive, 
menorrhagia and metrorrhagia tlie bleeding was found by Sliober 
to be controlled in a few w^eeks and the ])(‘riods become regular, 
normal, and free from pain, ^rher^ is improvement in tin* 
patient’s health and wo-ight, and the tumors tluiinselves diminish 
in size up to a certain point. The patient is thus placed in a 
better condition for any needed operation, and ofteii the ne(*es- 
sity for an operation is postponed. Wliere there is evidenc'e of 
inflammatory or degenerative changes, or when serious pressure 
symptoms are not controlled after a reasonalile trial, op(*ration 
should not be delayed. In 43 eases of nterine fibroma treated by 
Fedoroff, cure is claimed to have been obtained in 33, while there 
was a marked reduction of the growth in 43 jier cent. Mam- 
mary gland is also useful in eases of subinvolution uii associated 
with malignancy or structural changes. Fozzi has advocated its 
use in uterine hemorrhage of any kind athmding metritis. 
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Mammary gland lias also been recommended to assist uterine 
ijiyolutioii and to enhance lactation. But the reports on the use 
of this agent have been antagonistic. 

THYMITS OUaANOTHERAPY. 

In the ninth chapter (p. 467), I submitted the experimental 
and clinical evidence which led me to suggest, in 1907, that the 
function of the thymus was to supply an excess of phosphorus in 
organic contbination during the growth of the body, i,e., partic- 
ularly while th.e development of the osseous and nervous systems 
demanded such a reserve. Tliis was sustained by the recognized 
fact that certain diseases of children and adolescents, especially 
marasmus, rachitis, and trophic disorders of the brain and 
nervous system, were due, in part, to tlie functions of the thymus. 
While it cannot be atTlrnied that this theory actually represents 
the function of the organ — the thymus having been the grave- 
yard of many hypotheses — all that can be said for it is that it 
seems to account for the clinical results obtained under its use 
better than any hypothesis so far advanced, besides correspond- 
ing with the laboratory findings of its effects. 

Diseases of the Thyroid. — In simple goiter it was first 
tried by Mikulicz,^®'* who obtained sufficiently favorable results 
in 5 out of 11 cases to render operation unnecessary, at least for 
the time being. Keinbach^"’® considers it jirobably superior to 
thyroid because the unpleasant effects of the latter are avoided; 
for the same reason it is especially suitable when organotherapy 
has to be used continuously. This view is based on the employ- 
ment of thymus in a large number of cases in the Breslau clinic. 
Mikulicz gave from 2^2 to 4 draclims (10 to 16 Gm.) of the 
raw sheep thymus on bread three times a week, increasing the 
dose to 7 drachms (28 Gm.) if required. 

We have seen that in oxophthalmic goiter it had proven 
efficacious in the hands of Owen^'^® in advanced cases, and also 
in those of Maude'"*'^ when other remedies had been used fruit- 
lessly. The latter gave 45 grains (6 Gm.) daily to a severe case, 
which greatly improved, relapsing whenever the treatment was 

Mikulicz: Berlin, klin. Woch.. Bd. xxxil, S. 342, 1895. 

’“‘Relnbach: Mlttheil. aus dcii Grenzgebiet. d. Med. u. Chlr., B. 1. S. 202, 1896. 

’“Owen: Brit. Med. Jour., Oct. 10, 1896. 

Maude; London Lancet, July 18, 1896. , 
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interrupted. S. Solis-Colien*"**' also advocates its use in this dis- 
ease, having found that it exerted its beneficial influence mainly 
upon the nervous symptoms of the disease without affecting the 
exophthalmus. Huston White^"'*** found that tlie nervous symp- 
toms were alone improved. 

These observations coincide with my own view of the manner 
in which thymus gland produces its beneficial effects. The 
excess of thyroiodase produced in exophthalmic goiter causes, 
wo have seen, too rapid oxidation of the phosj)horus in organic 
combination in the tissues, particnilarly in those of the nel^7ous 
system which are extremely rich in phosphorus. Thymus, supply- 
ing phospliorus in organic combination, replaces that lost by the 
nervous system, thus j)rocuring marked bernflit in this one direc- 
tion. As 5 grains (0.;f3 Gm.) of the dried thymus are equivalent 
to c'lO grains (:i Om.) of the fresh gland, this dose can readily 
be given three times daily. 

Rachitis, or Rickets. — The same explanation, the 
purveying of phosphorus in organic cond)ination — to tlie osseous 
system, in the present connection — accounts for the undoubted 
benefit thymus has procured in this disorder. Mendel,^'^’ liaving 
used thymus gland in V/j to 3 drachms ((> to 12 Gm.) daily in 
over 100 cases, obtained marked benefit in a large ])roporti()n, but 
especially in the nervous symptoms, including sf)asm of the 
glottis. It had previously been tried by Stoj)|)ato,'"‘‘' but without 
marked benefit. In Mendel’s cases both fresb and (*ommercial 
tablets Avere tried, the cases being subdivid(‘d as follows: 1, 
those which showed prodromal symptoms only; 3, those in which 
deformity of the osseous system was the chi(;f feature; 3, those 
marked by spasm of the glottis, and, 1, those in which splenic 
enlargement Avas the most important sign. Marked improvement 
was noted in all after from tliree to four Aveeks, and dentition 
and the closure of the fontanelle proceeded satisfactorily. No 
untoward symptoms were noted — a marked advantage over 
thyroid preparations. In a case of stunted growth, obviously 
of osseous origin, in a boy of 14 years, R. Webb Wilcox^**^ ob- 

Solls-Cohen: Jour. Ampr. Med. Assoc., Aug. IS, 1900. 

White: Urit. Med. Jour., vol. 1, p. 786, 1899. 

Mendel: Miinch. med. Woch., Bd. xlix, S. 134, 1902. 

Stoppato : Policlinico, April 15, 1897. 
i«2 Wilcox: Boston Medical and Surgical Journal, Aug. 13, 1908. 
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taincd 91^4 inches growth in three years by the persistent use of 
2 grains (0.13 Gm.) thymus night and morning. 

The view that these effects are due to the addition of phos- 
phorus in organic combination to the body is further sustained 
by tlie results of experimental observation by Hart and Nord- 
mann/®‘^ that the thymus had a definite relation to assimilation, 
and that it took an active part in the resistance of the organism 
to infection. As I will show in the second volume, page 878, 
nucleo-proteid, in so far as its phosphorus in organic combination 
is concerned, is an active participant in the immunizing process. 

BRAIX AND NERVE SUBSTANCE ORGANOTHERAPY. 

While these agents have given good results, the theory that 
brain and nerve substance possess or produce an internal secre- 
tion has never been sustained scientifically. 

The clinical results, though quite discordant, particularly in 
the neuroses and psychoses in which these preparations have been 
tried, iiave shown a tendency to harmonize siiice the introduction 
by Sciallero^^^ of an oily extract. Page,’^*'^ who has obtained 
unusually good results in neurasthenia by means of injections 
of this extract, ascribes them to its antitoxic and antispasmodic 
effects. Wassermann and Takaki had previously shown that 
tetanus toxin was neutralized by contact with brain substance, 
and that wdien a fatal dose of tetanus toxin was injected with 
brain substance the fatal effects were prevented. The same 
observations were made in the case of hydrophobia by Babes; in 
strychnine and morphine poisoning by Widal and Nobecourt; in 
tetanus by Krokiewicz; in epilepsy by Lion and also Kaplan, 
using Poehfs opocerebrin — in accord with Uana^s experience 
several years earlier. Sciallero, who obtained encouraging results 
in neurasthenia, hysteria, chorea, tic, and epilepsy, used his oily 
extract ^^cephalopin” in doses varying from 1 to 5 c.c. (16 to 
81 minims). No untow^ard effects were obtained. 

Although it is very improbable that brain extracts injected 
into the tissues act as they do in the test-tube, it seems estab- 
lished that they act much as do the lecithins on the market, 

Hart and Nordmann; Berlin, kiln. Woch., May 2, 1910. 

Sciallero: Riforma Medica, Jan. 27, 1904. 

^“Page: C.-r. de 1’ Academic de MM., March 30, 1909. 
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by furnishing phosphorus to the organism in an assimilable form, 
or as riucleo-proteids in enliancing the irnmuniziiig process. Be 
this as it may, these substances seem to have produced elfects 
which suggest tliat they are worthy of further study. 

THE PINEAL GLAND ORGANOTHERAPY. 

The functions of this organ have not as yet been determined 
to any degree. It is no longer regarded as a purely vc‘stigial 
structure, however, tumors of the pineal as noted by Marburg’’''^ 
and others being capable of causing obesity, while Ogle, b'rankl 
llochwart,^^'*^ and other clinicians have recorded marked precocity 
in young subjects, as to stature, genital development, and liair 
gi’owth. These eflects have also been ascribed to a secretory fiiiu*- 
tion, but the results obtained from extracts of the gland have 
been contradictory, tliougli these agents appeared to increase the 
strength of the heart-beat. 

A kinship with the functions pituitary is suggested by many 
facts. From my viewpoint, it does not possess the characteris- 
tics of a secreting gland but, seemingly, those of a nervous organ 
working in harmony with the pituitary bwly, through fibers 
which meet those originating from the latter organ, in the 
region of and in the corpora quadrigemina. The fact noted l)y 
BiedP^’*^ that in the adult animal the organ is ^^a negligible 
quantity^^ sustains my view, since a co-ordinating center can be 
sacrificed without permanent harm more readily than a secreting 
organ whose product should, as in the ])resent case, deeply in- 
fluence metal»olism, if the effects of organic lesions of the organ 
are taken as standard. 

As a therapeutic agent, Hana and Berkeley^''*’* claim in have 
o[)taincd iniprovemcnt in backward (hildren owing to its stimu- 
lating influence on general metabolism. 

HORMONE THERAPY. 

The word ^hormone^’ was applied by Starling to the group 
of substances secreted by various organs — ^tbe ductless glands iu 
tlie group studied in this work — ^which could enhan(*e the func- 
tions of other organs. Precisely as T had held three years earlier 

1®* Marburg: Deutach. Zeltschr. fiir Nervenheilk., B. xxxvl, S. 112, 1908. 

107 prankl Hochwart: Ibid., B. xxxvil, S. 455. 1909. 

*®*Bi<?dl: The Internal Secretory Organs, p. 855, 1913. 

Dana and Berkeley: Medical Record, May 10, 1913. 
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(tlio adrenal secretion exciting the thyroid, the pituitary, the 
2 )anereas, etc.) ; these hormones were sliown by Starling to 
reac‘h the distant structures they influenced, through the inter- 
mediary of the blood. 

While certain liormones influence various organs, others 
a(Te(‘t only one organ or a system of them, llayliss and Starling 
termed “secretin” a hormone formed in the duodenal mucous 
membi'ane under tlie influence of hydrocliloric acid from the 
stomach. Carried by the circulation to the intestinal mucosa, 
the ])ancreas, and tlie liver, it activates the production of the 
secretions produced by these organs. As I suggested in 1907 
(see vol. ii, p. 801), this hormone presents several properties 
of adrenal exti'actives. 

Another hormone has been obtained from tlic gastric mucosa 
by Zuelzer, Dohrii, and Marxer^^^ which lias been found to 
(*n!ianc(! peristalsis, (t b('ing inijiossible to obtain it in suflicient 
quantities from the stomach, it was sought elsewhere, and 
was found in ample quantities in the spleen — that junkshoj) in 
which red corjmscles (which, as I suggested in 190;i, are the 
common carriers of the adrenal prinoi|)le) are broken ujj along 
with other cells. This splenic lionnone specifically stimulates 
iiii(*stinal peristalsis to a degree so remarkable that the intestinal 
movements in the experimental animal may be shown cinema- 
tografdiically ten to fifteen minutes after an intravenous injection. 

^riiis hormone (available as Jionnonaf in the trade) has been 
found of considerable value in chronic constijiation, intravenous 
injections (20 c.c. — 5 drachms — in childr(n and 40 c.c. — 10 
dra('hms — in adults). In intestinal paralyses following abdom- 
inal operations or volvulus it ha.s also given satisfactory results 
in some case>s. TTcnleV^^ favorable results did not seem to 
be lasting. In intestinal occlusion care is necessary lest the 
violent peristalsis provoked aggravate any intestinal lesion that 
may be present. The ol)servations of Saar'”^^ and ITngcr^^''* sug- 
gest, however, that the peristaltic action promoted by the hor- 
mone is not violent. 4die untoward eff(‘cts reported by various 
clinicians, liowever, emphasize tlie need of great care in the use 
of this agent. 

Zuelzer, Dohrn, and Marxer: Berl. klin. Woch., Nu. 46, 1,908. 

Henle: 50th German Congress of Surgery, Anril, 1911. 

”^Saar: Medizin. Klinik. Nu. 2. 1910. 

Unger: Berliner incd. Woeh., Nu. 11, 1911. 
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Abdominal vessels, dilation of, vernus 
contraction of capillaries, 3^7, 
573. 

Aberrant exophthalmic goiter. (See 
Huperthyroidki.) 

Accelerator cardiac phenomena, 445. 

Achondroplasia, ^05. 

Acne, spermin in, 782. 

Acromegaly, 607. 
pathogenesis, 608. 
pathological anatomy of, 516. 
pathology of, 616. 
pituitary extract in, 771. 
posterior pituitary body in, 514. 
symptomatology of, 512, 515, 608. 
treatment of, 618. 

Addison’s disease, 97. 
adrenal extract in, 764- 
pa thogencais of, 99. 
pituitary extract in, 770. 
spermin in, 782. 
symptomatology of, 99. 
treatment of, 103. 

Adenoma, hmmorrhaglc, of the ad- 
renals, 138. 

Adiposis dolorosa, thyroid extract in, 
727. 

Adrenal. (See also Huvrurcmil.) 

Adrenal extract and vascular pre.s- 
sure, 13. 

in Addison’s disease, 761. 
in ascites, 762. 
in asphyxia, 764. 
in asthma, 765. 
in bacterial infection, 764. 
in capillary haunorrhago, 765. 

In cardiac disorders, 757. 
in collapse, 754. 

in collapse from htemorrhage, 764. 

in effusions, 762. 

in haunorrhage, 755. 

in neuralgia, 765. 

in neuritis, 765. 

in respiratory disorders, 761. 

in shock. 754, 764. 

in sthenic cardiac disorders, 76.5. 

in submersion, 764. 

in surgical diseases, 752. 

in surgical heart failure, 764. 

in surgical septicaemia, 764. 

in toxaemia, 756, 764, 

Adrenal functions, toxins, poisons, 
venoms, and drugs in large 
doses as inhibitors of, 19. 

Adrenal hmmorrhago and acute hyper- 
adrenia, 116. 
diagnosis of, 123. 
in the adult, 123. 


Adrenal hromorrhage and acute hyper- 
udrenia, diagnosis of, in the 
child, 123. 
in the infant, 123. 
in adults, 121. 

In children, 120. 

increased functional activity of the 
adrenals as a (‘aiise of, 25, 
pathogenesis of, 118. 
prognosis of, 121. 
symptomatology of, 118. 
treatment of. 124. 

Adrenal haunorrliagic pseudocyst, 126. 

Adrenal insufficiency, SO, 115. 

Adrenal opotherapy, 750. 

Adrenal preparations, general indica- 
tions of, 764. 

Adrenal secretion a constituent of 
hiemoglohin, 63. 
action on heart, 11, 17. 
action on muscle, 11. 
as the oxidizing ag<‘nt of the hiemo- 
globin. 58. 

causes a rise of tiunperjiUirc, 66. 
distributed by the red con>u.selcs as 
oxidizing agtml, 65. 
in Its relation to respiratory func- 
tions, 453. 

in pulmonary respiration, 60. 
uiicxplaint'd properties of tin*, 56. 

Adrenal system, in eardiac functions, 
421. 

iia the foundation of imn\iinity, 620. 
as source of engorgement of cere- 
brospinal plasma-channels, 573. 
functional activity and, 233. 
functions of the thymus gland and, 
467. 

in pulmonary functions, 421. 

(See also AdntnifM.) 

Adrenal, unilateral rtriioval of, 4. 

Adrenalin, 751. 

Adrenals, action of drugs on, in the 
production of lowering of the 
temperature, 19. 

in production of muscular weak- 
ness, 41. 

of variations ef the blood-pres- 
sure, 44. 

as a cause of adrenal hapmorrhage, 
inci''ased functional activity of 
the, 25. 

eancer of the, 137. 
diagnosis, 140. 
symptoms, 138. 
treatment, 141. 
diseases of the, 56. 
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Adrenals, function of the, 56. 
functions suppressed by removal of, 
9. 

governing center of the, 70. 
ha^matomata of, 126. 
haemorrhage Into, 5. . 
in immunity, 622. 
internal secretion of, 9. 
action on the heart, 11, 13, 17, 433, 
441. 

and respiratory chcmism, 453. 
and the circulation, 18. 
malignant hypernephroma of the, 
131. 

morbid effects of drugs and venoms 
on the, 39, .54. 

nervous supply of, 8, 11, 12, 14, 17. 
spino-adretial communicating fila- 
ments, 415. 

relations of, with the vagus, 12, 296. 
with the vasomotor system, 11, 
14, 17. 

removal of, in animals, effects of, 5. 

in man, 5, 6, 7. 
sarcoma of. 137. 

toxics which depress the blood-pres- 
sure by causing passive con- 
gestion of the, .30. 
toxics which produce congestion or 
venous stasia in the, 23. 
tuberculosis of, 8. 
tumors of, 8. 

Adrenoxidase and the motor nerves in 
their relation to muscular con- 
traction, 233. 

blood-platelets as droplets of, 64. 
in the nervous system, circulation 
of, 482. 

Adults, adrenal haemorrhage in, 121. 
diagnosis of, 213. 
functional hypoadrenia in, 85. 
prophylaxis and treatment of, 94. 

Adynamia, general, thyroid extract in, 
710. 

Alcohol, action of, on neurons, 522. 

Alcoholic insanity, neurons in, 590. 

Alopecia, thyroid extract in, 734. 

Amblyopia in acromegaly, 515. 

Amyotrophic lateral sclerosis, 515. 

Anaesthesia as a symptom of acro- 
megaly, 514. 

retraction of neuron-gemmules dur- 
ing. 521, 578. 

Apathy’s neuro-fibrils as plasma- 
channels, 540, .544, 568. 

Appendix vermiformis, functions of, 
,325. 

Appetite, excessive, as a symptom of 
acromegaly, 512. 

In glycosuria, 363. 


Ascites, adrenal extract in, 762. 

Asphyxia, adrenal extract in, 764. 

Assimilation, neutrophile leucocytes 
in, 654. 

Asthma, adrenal extract in, 765. 

as a symptom of acromegaly, 515. 

thyroid extract in, 710. 

Augmentor cardiac phenomena, 449, 
462. ^ 

Axis-cylinders as plasma-channels, 
543. 

Bacteria, relations of, to liver, 341. 

Bacterial infection, adrenal extract 
in, 764. 

Bactcrins, 696. 

Basedow’s disease. (See Exophthalmic 
ffoiter.) 

incomplete. (See Uyperthyroidia.) 

Basophile leucocytes, 680. 

Benign hypothyroidia, chronic. (See 
nypothyroidia.) 

Bilirubin, formation of, 337. 

Blood-clots, disintegration of, 338. 

-platelets as droplets of adrenoxi- 
dase, 64. 

-pressure, action of drugs on ad- 
renals in production of varia- 
tions of the, 44. 

toxics which depress the, by caus- 
ing passive congestion of the 
adrenals, 30. 

Bone necrosis, thyroid extract In, 711. 

Brain and cord, minute circulation of, 
562. 

and nerve substance organotherapy, 
788. 

lower, identity of, 483. 

neuroglia-fibers as the capillary sys- 
tem of, 583. 

substance in epilepsy, 788. 

Brain substance in hydrophobia, 788. 
in morphine poisoning, 788. 
in neurasthenia, 788. 
in strychnine poisoning, 788. 

In tetanus, 788. 

Bright’s disease, kidney extract in, 
784. 

Bromides, action of, on neurons, 523. 

Bronchopneumonia, pituitary extract 
in, 770. 

Bronzing, a symptom of advanced ad- 
renal insufficiency, 616. 

Bulimia as a symptom of acromegaly, 
612. 

in glycosuria, 363. 

Cachexia parathyreoprlva. (See Hypo- 
parathyroid tetany.) 

Cancer of the adrenals, 137. 
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Cancer of adrenals, diagnosis of, 140. 
symptoms of, 138. 
thyroid extract in, 739. 
treatment of, 141. 

Capillary hternorrhage, adrenal ex- 
tract in, 7fi5. 

Cardiac disorders, adrenal extract in, 
767. 

pituitary extract in, 767. 
sthenic, adrenal extract in, 766. 
Catalepsy and adrenal insufflclency. 
613. 

Cephalopin in chorea, 788. 
in epilepsy, 788. 
in hysteria, 788. 
in neurasthenia, 788. 
in tic, 788. 

Cerebral activity, mania and, 672, 590. 

suboxldatinn, melancholia and, 613. 
Cerebrospinal substance, minute cir- 
culation of, 562. 

system, general center of, 483, 691. 
Childhood, functional hypoadrenia of, 
8,3. 

prophylaxis and treatment of, 92. 
Children, adrenal hmmorrhage In, 120. 
diagnosis of, 123. 

Chloroform, action of, on neurons, 62.3. 
Cholera, spermin in, 782. 

Chorea, cephalopin in, 788. 

pituitary extract in, 773. 

Chronic benign hypothyroidla. (See 
ff l/pothyroidia . ) 

constipation, hormone therapy in, 
790. 

Collapse, adrenal extract in, 754, 
from haemorrhage, adrenal extract * 
in, 764. 

Constipation, chronic, hormone ther- 
apy in, 790. 

Cord, minute anatomy of, 562, 
neuroglia-flbers as the capillary sys- 
tem of, 583. 

Corpus luteum extract in menopause, 
778. 

organotherapy, 777. 

Cretinism, 193. 
endemic, 196. 
etiology, 196. 
pathogenesis of, 193. 
pathology of, 198. 
posterior pituitary body In, 514. 
sporadic, 197. 
symptomatology of, 193. 
thyroid extract In, 710. 
treatment of, 198. 

Cretinoid pachydermia, 197. 

Deafness as a symptom of acromegaly, 
513. 
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Delusions as a symptom of acro- 
megaly, 512. 

Dercum’s disease, thyroid extract In, 
727, 

Dermatitis herpetiformis, thyroid ex- 
tract in, 734. 

Diabetes. (See Glyrosuria.) 

Diabetic coma, 363. 

Digestive apparatus, dual nervous 
supply of, 296. (Sec also /a/r.s- 
tinoi, lArrr, PanvrvfiN, and 
Stomach. ) 

Diphtheria, pituitary extract in, 770. 
spermin in, 782. 

Diseases of the adrenals, .66. 
of tho thyroparathyroid apparatus, 
174, 212. 

Disorders due to excessive activity of 
the thyroparathyroid apparatus, 
212 . 

Drugs, morbid effects of, on the ad- 
renals, 39, 54. 

Dyspncea as a symptom of acromegaly, 
513, 515. 

Eclampsia, thyroid extract in, 710. 

Eczema, (dironic, thyroid extract In, 
734. 

of young children, thyroid extract 
in, 734. 

testicular extract In, 782. 

Effusions, adrenal extract in, 762. 

Endemic cretinism, 196. 

Enuresis, thyroid extract in, 7.3.3. 

Eosinophile leucocytes, 667. 

Epilepsy as manifestations of excess- 
ive motor activity, 508. 
brain substance in, 788. 
cephalopin in, 788. 
kidney extract in, 783, 784. 
opoccrebrin in, 788. 
thyroid extract in, 710, 716. 

Eplnephrin, 7.61. 

Erysipelas, pituitary extract in, 770. 

Exanthemata, thyroid extract in, 711. 

Excessive activity of the thyropara- 
thyroid apparatus, disorders 
due to, 212. 

Exophthalmic goiter, 214. 
asthenic or myxeedematous stage of, 
222 . 

etiology of, 223. 
larval. (See Ilypothyroiflia.) 
pathogenesis of, 216. 
pituitary extract in, 772. 
posterior pituitary body in, 514. 
sthenic or first stage of, 217. 
symptomatology of, 216. * 

thymus extract in, 786. 
thyroid extract In, 728. 



794 


INDEX. 


Exophthalmic goiter, traDsition stage 
of. 221. 

treatment of, 228. 

Febrile infections, thyroid extract in, 
738. 

Fever, genesis of, 628. 

leucocytes in, 620. 

Ftvtal rickets, 205. 

Foramina Thebesil in cardiac func- 
tions, 421. 

Forme fruste de la maladie do Base- 
dow. (See Jif/fiotfii/rohffn.) 
Fractures, thyroid extract in, 710. 
Functional activity, mechanism of 
genc-ral, 233, 294. 

of the brain rrrsHs retraction of 
the neuron-gemmules, 577, 578. 
hypoadrenia, 82. 
in the adult, 85. 

prophylaxis and treatment of, 91. 
in childhood. 83. 

prophylaxis and treatment of, 92. 
of infancy, S3. 

prophylaxis and treatment of, 90. 
of old age, 88. 

prophylaxis and treatment of, 96. 
prophylaxi.s of, 89. 
treatment of, 89. 

Functions of the adrenals. .56. 
of the parathyroids, prevailing view’s 
as to the, 113. 

of the thyroid, prevailing views as 
to the, 143. 

Gastric juice, formation of, 297, 302. 

Gerlach’s fibers as plasma-channels, 
568. 

Gigantism, 607, 

Glycogen and its formation, 347, 356, 
360, 

Glycosuria as a symptom of adrenal 
insufficiency, 36.5. 

as a symptom of adrenal overactiv- 
Ity, 363, 366. 

as a symptom of excessive forma- 
tion of dextrose, 367. 
coma in, 36.3. 
drugs as a cause of, .362. 
non-con verted sugar and, 366. 
pituitary and, 76. 
ptyalin and. 418. 
testicular extract In, 782. 

Goiter, exophthalmic. (See Ewnphthal- 
mir f/oiffr.) 

thymus extract in, 786, 

Golgi’s fibers as plasma-channels, 585. 

Gout, testicular extract in, 782. 

Graves’s disease. (See Exophthalmic 
goiter.) 


Growth, stunted, pituitary extract In, 

773. 

Ilmmatoma, adrenal, 126. 

Hmmoglobin, adrenal secretion a con- 
stituent of, 63. 

as the oxidizing agent of the, 58. 
dissociation of, in glycosuria, 365. 
distributed by the red corpuscles as 
oxidizing agent, 65. 
formation of, 3.35, 339. 
molecule, formation of, in the liver, 
.335, 3,39. 

Hmmophilia, thyroid extract in, 736. 

Haemorrhage, adrenal extract in, 755. 

Hfomorrhagic adenoma of the adre- 
nals, 138. 

adrenal pseiidocyst, 126. 

Hair, coarseness of, and adrenal in- 
sufllciency, 515. 

Haller’s fibers as plasma-channels, 
568. 

Headache, pressure as a source of, 
512. 

Heart, accelerator phenomena of, 445. 
active inhibition of, due to excess- 
ive vagal stimulation, 446. 
adrenal system in functions of, 11, 
421, 433. 

aiigmentor phenomena of, 449. 
foramina Thebesii in the functions 
of, 421, 441. 

functional mechanism of, 452. 
hypertrophy of, 512. 
inhibitor phenomena of, 446, 452. 
innervation of, 444. 
leucocytes and nutrition of, 441. 
non-existence of inhibitor fibers, 
446. 

nutrition of, 441. 

oxidizing substance and the func- 
tions of, 433, 441. 

“palpitations” of, .512, 515. 

Heart-failure, pituitary extract in, 768. 
surgical, adrenal extract in, 764. 

Hormone therapy, 789. 
in chronic constipation, 790. 
in intestinal occlusion, 790. 
in post-operative intestinal paraly- 
sis, 790. 

in volvulus, 790. 

Hyaline cells, 652. 

Hydrophobia, brain substance In, 788. 

Hyperadrcnallsm, 115. 

Hyperadrenia, 115. 
acute, 116. 

Hypermraia, thyroid, 206. 

Hyperansthes'ia, the posterior pituitary 
body and, 512. 

Hypernephroma, 129. 
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Hypernephroma, diagnosis of, 132, 134. 
malignant, of the adrenals, 131. 
of the kidney, 132. 
pathology of, 136. 
prognosis of, 137. 
treatment of, 137. 

Hyperthyroidla, 212. 

Hyperthyroidism. (See 
roUlia.) 

Ilypcrtrophle rosacea, thyroid cxtrai-t 
in, 73r>. 

Hypoadrenallsnt, 80, 115. 

Hypoadrenia, 80, 

chronic progressive, (See Afhlison's 
clisatsv . ) 
functional, 82! 
in the adult, 85. 

prophylaxis and treatment of, 01. 
in childhood, 83. 

prophylaxis and treatment of, I>2. 
of infancy and childhood, S3. 

prophylaxis and treatment of, DO. 
of old age, 88. 

prophylaxis and treatment of, 96. 
prophylaxis of, 89. 
treatment of, 89. 
terminal, 109. 
pathogenesis of, 110. 
symptomatology, 110. 
treatment, 112. 

Hypoparathyroid tetany, 711. 
symptomatology of, 712. 
treatment of, 714. 

Hypoparathyrosis. (See Jl f/popara- 

lUyroid let any.) 

Hypothyroidia, 175. 
etiology of, 183. 
pathology of, 183. 
progressive. (See Myxmlema.) 
symptomatology of, 177. 
treatment of, 184. 

Hypothyroidism. (See 11 ypnIhyroUlia .) 
Hysteria, eephalopln in, 788. 

Ichthyosis, thyroid extract in, 731. 
Idiocy and disea.se of the pituitary 
bodies. 513. (See also Cretin- 
ism. ) 

myxeedematous. 197. 

Imbeeility, pituitary extract in, 773. 
Immunity, 698. 
adrenahs in, 622. 

adrenal system as the foundation of, 
620. 

leucocyte in, 620, 691. 

in its relation to, 633, 
thyroparathyroid apparatus in, 113, 
623. 

Immunizing center, pituitary body as 
the seat of the, 624. 


Immunizing center, functions of in- 
testine, 309, 322, 325. 
mechanism, mode of action of the, 
628. 

Impotence, testicular extract In, 782. 

Incompieto Basedow's disease. (See 
Jfyprrihyroidia.) 

niyxcedema. (See Ilypnlhyroidin.) 

Infancy, adrenal hiernorrhage in. diag- 
nosis of, 123. 

functional hypoadrenia in^ s:;. 
prophylaxis and treatment of, 90. 

Infantile myxiedcma. 193. 

Infantilism, Lorain type of, 201. 
Mongolian, 205. 
inyxeedematous, 201. 

Infectious diseases, pituitary extract 
in, 770. 

thyroid extra(rt in, 711. 

Tnfluenza, pituitary extract in, 770. 

Infundibular extract, 767. 

Inhibition, active, of h<*art due to ex- 
e<‘ssive nervous stimulation, 
416, 452. 

Inhibitors of aQronai functions, toxins, 
poisoins, venoms, and drug.s in 
largo doses as, 19. 

Insanity, nleoholio, neurons in, 590. 
the posterior pituitary body in, 512. 
thyroid extract In. 711. 

Insufficiency of the adiumal, 80, 115. 

Internal secretions and organotherapy, 
700. 

of the adrenals. (See Adrenal.^.) 
of the pancreas, 362, 392, 420. 
of the spleen, 362, 392, 420. 
of the thymus. (See Thymus.) 
of the thyroid, (See Thyroid.) 

Intestinal o(‘clusion, hormone therapy 
In, 790. 

paresis, pituitary extract in, 774. 
post-operative, hormone. tln‘rapy 
in. 790. 

intestine, eytogcrions tissue of, 316, 
321. 

fenestrated subcpilhclial membrane 
of, 321. 

gjuicral functional nie<'hanism of, 
32.5. 

leucocytosls of, 321. 
minute anatomy of, 307. 
nervous supply of, 305, 326. 
phagocyt.e.s and tlieir rdle in the, 312, 
prophylactic fvinctlons of, 309. 
secreting glands of, 308, 314. 
villi and lymph-follicles of, 314. 

Kidney extract, 703, 782. 
in Bright’s disease, 784. 
in chronic nephritis, 784. 
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Kidney extract, in epilepsy, 783, 784. 
in puerperal Intoxication, 784. 
functional mechanism of, 289, 293. 
hypernephroma of the, .132. 
organotherapy, 782. 

Lacryinal glands, functional mechan- 
ism of, 266. 269. 

Lacrymation, pilocarpine and, 266. 
Lactation, mammary gland extract in, 
786. 

Larval exophthalmic goiter. (See 
Hf/f)crthyrohlia.) 

Lecithin as the active body of myelin, 
5.34, 543. 

Lupine’s glycolytic ferment as the 
oxidizing substance, 411, 412. 
Leprosy, thyroid extract In, 735. 
Leucocyte granulations as ^Isecretory 
products, 644. 

Leucocytes, basophile, 680. 
classification of, 650. 
cosinophile, 667. 
functional mechanism of, 639. 
iu immunity, 691. 

and fever, 620. 
neutrophile, 653. * 

in assimilation, 654. 
physiological chemistry of, 647. 
relation to nutrition, organic func- 
tions, and Immunity, 633. 

Life, the pituitary bodies as co-centers 
in sustaining, 483. 

Liver, blood-pigments of, 334, 360. 
hepatic artery, functional vessel of, 
326. 

hepatic cell a miniature sponge, 339. 
hepatic cell-canaliculi, 340. 360. 
minute anatomy of, 326, 360. 
pancreas and spleen, combined func- 
tions of, 359. 

physico-chemical functions, 326. 

Lorain type of infantilism, 204. 

Lower brain, functions of, 483. 

Lungs, innervation of, 454. 
nervo-vascular mechanism of, 454. 
vagal system in functions of, 421. 
(See also Renpiration,) 

Lupus, thyroid extract in, 735. 

Lymph-follicles, intestinal, functions 
of, 314. 

Lymphocytes and hyaline cells, 652. 

Malarial fever, enlargement of spleen 
and adrenal overactivity, 332. 

Malignant hypernephroma of the ad- 
renals, 131. 

neoplasms, thyroid extract in, 711. 

Mammary gland extract in lact tion, 
786. 


Mammary gland extract, in uterine 
fibroids, 786. 

In uterine involution, 786. 
functional mechanism of, 280, 289. 
organotherapy, 785. 

Marasmus, spermin in, 782. 
Melancholia as a symptom of adrenal 
Insufliclency, 513. 
testicular extract In, 782. 

Menopause, corpus luteum extract in, 
778. 

ovarian extract In, 776. 
thyroid extract in, 710. 

Mental diseases, pituitary extract in, 
773. 

phenomena of acromegaly, 512, 514. 
Migraine, thyroid extract in, 710. 

Milk, fluid portion of, as an immuniz- 
ing serum, 311. 

Mitral disorders, pituitary extract In, 
768. 

Mongolian infantilism, 205. 

Morphine, action on neurons, 520, 522. 

poisoning, brain substance in, 788. 
Motor areas of gray substance as sen- 
sory areas, 508. 

nerves, an autonomous system, in- 
cluding vasomotors, 233. 
and glandular secretion, 262. 
and muscular contraction, 233, 247, 
261. 

vasoconstrictor function of, 233, 
261. 

Muscles not supplied with separate 
vasoconstrictors, 253, 261. 
Muscular atrophy in acromegaly, 514. 
contraction, adrenoxldase and the 
motor nerves in their relation 
to, 233. 

confusion in prevailing views of, 
236. 

functional process of, 261. 
motor nerves and, 233. 
source of chemical energy in, 239. 
hypernutrition and adrenal over- 
activity, 512. 

weakness, action of drugs on adre- 
nals in production of, 41. 
and adrenal insufficiency, 513. 
Myasthenia, pituitary extract in, 773. 
thyroid extract in, 710. 
bulbo-spinal, ovarian extract In, 773. 
pituitary extract In, 773. 

Myelin and the functional energy of 
nerves, 534, 543. 

Myocardial disorders, pituitary ex- 
tract in, 768. 

Myocarditis, chronic, pituitary extract 
in, 768. 

Myopathies, pituitary extract in, 773. 
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Myosinogen, functions of, in muscle- 
fiber. 261. 

and the oxidizing substance, 2Z4. 
physiological chemistry of, 240. 
Myxcedema, 185. 
etiology of, 191. 

incomplete. (See IlypothyroUlia.) 
infantile, 193. 
pathogenesis of, 186, 191. 

■ pathology of, 191. 

posterior pituitary body in, 614. 
symptomatology of, 186. 
thyroid extract in, 710. 
treatment of, 192. 

Myxoedematous idiocy, 197. 

Infantilism, 201. 
diagnosis of, 204. 
pathogenesis of, 201. 
symptomatology, 201. 
treatment of, 206. 

Myxoedeme frustc. (See Jlypothy- 
roidia.) 

Narcolepsy in acromegaly, 513. 
Nephritin, 784. 

Nephritis, chronic, kidney extract in, 
784. 

Nerve substance in neurasthenia, 788. 
organotherapy, 788. 

Nerves, myelin as source of energy 
in, 534, 536, 543. 
physiological chemistry of, .532. 
Nervous diseases, pituitary extract in, 
773. 

energy, source of, 533, 536, 543. 
system, circulation of adrenoxidase 
in the, 482. 

general center of, 483, 591. 
Nervous system, including neurons, 
composed of plasma-fibrils sur- 
rounded by myelin, 560. 
Neuralgia, adrenal extract In, 765. 

in acromegaly, 514. 

Neurasthenia, brain and nerve sub- 
stance in, 788. 
cephalopin in, 788. 
pituitary extract in, 773. 
testicular extract in, 782. 
thyroid extract in, 710. 

Neuritis, adrenal extract in, 765. 
Neuroglia-cells as links between cir- 
culation and neurons, 570, 587. 
-fibers as plasma-channels, 539, 543. 
-fibrils of the brain and cord, their 
capillary supply, 582. 

Neuron, circulation of, 539, 559. 
direct continuation of circulation by 
some of its dendrites, 552. 
functions of geramules, 577. 
histology of, 518. 
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Neuron, lecithin, the functional 
ground-substance of, 567. 
lymph-channels of, 586. 
physiological chemistry of, 518, 552. 
physiology of, 519. 

transmission of vibrations between, 
579, 581. 

varicosity of, in fatigue and sleep. 
522. 

Neutrophtle leucocytes, 653. 
in assimilation, 654. 

Numbness In cachectic stage of acro- 
megaly, 514. 

Nutrition, leucocytes in, 633. 

Obesity, testicular extract in, 782. 
thyroid extract in, 710, 724. 

Obstetrics, pituitary extract in, 768. 

Old age, llpnctional hypoadreiila of, 88. 
prophylaxis and treatment of, 96. 

Opocerebrin in epilepsy, 78S. 

Opsonins enhance phagocytosis, how, 
696. 

Optic atrophy in acromegaly, 515. 

Orchitlc organotherapy, 780. 

Organic functions, leucocyte In its re- 
lation to, 633. 

preparations, fundamental principle 
of the action of, 700. 

Organotherapy, ■ internal secretions 
and, 700. 

Osteomalacia, thyroid extract in, 710. 

Osteomyelitis, thyroid extraert In, 710. 

Ovarian extract, 703, 775. 

in bulbo-spinal myasthenia, 773. 
in menopause, 776. 
organotherapy, 775. 

Oxidation, thyroparathyrold apparatus 
in, 143. 

Oxidizing substance and the digestive 
organs, 296. 

and glandular secretion, 262. 
and inyosinogcn, 261. 
as a reagent in all functional proc- 
esses, 293. 

Pachydermia, cretinoid, 197. 

Pachymeningitis as a symptom of 
acromegaly, 515. 

Pancreas, internal secretion of, 362, 
420. 

functional mechanism of, 381, 386, 

420. 

in the formation of glycogen, .3.56. 

Parms^hesia, the posterior pituitary 
body and, 513, 514. 

Paraly.sis agitans, parathyroid extract 
in. 747. 

testicular extract in, 782. 

Parathyroid extract in paralysis agi- 
tans, 747. 
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Parathyroid organotherapy, 739. 
tetany, (See H ifpoparatliyroUl tct- 
ttny.) 

Parathyroids, dual funetion theory of 
the, 117. 

effects of the internal secretion of 
the, 119. 

functions of the, prevailing views 
as to the, 143. 
removal of, 146. 

Parry’s disease. (Seo Exophthalmic 
fjoitcr.) 

Peyer’s patches, function of, 314, 32.'>. 

Phagocytosis, how opsoniiis cnhanire, 
696. 

Phloridzin and glycosuria, 363. 

Phosphorus as active principle of 
lecithin, 633. 

as active principle of myelin, 543. 
nervous energy and, 533, 536, 543. 
posterior pituitary body and, 593. 
proportion of, in nuclein, 532. 

Pilocarpine and lacrymatioii, 266. 
and sweating, 279, 

Pituitaro-adrenal nerve, governing 
center of the adrenals, 70. 

Pituitary and glycosuria, 76. 
bodies as co-centers in sustaining 
vital processes, 483, 503. 
phylogeny of, 491. ‘ 
body as the scat of the inimunizing 
center, 624. 

body as the seat of thyroparathyroid 
center, 168. 

posterior, as an aggregate of neu- 
rons, .506. 

as central sensorium, 598. 

histology of, 493, .500. 
as general center of nervous sys- 
tem, 48,3, 511, .591. 
physiology of, 493, 591. 
extract, 704. 
in acromegaly, 771. 
in Addison’s disease, 770. 
in bronchopneumonia, 770. 
in bulbo-spirial myasthenia, 773. 
in cardiac di.sordcrs, 767. 
in chorea, 773. 
in chronic myocarditis, 768. 
in diphtheria, 770, 
in erysipelas, 770. 
in exophthalmic goiter, 772. 
in heart-failure, 768. 
in imbecility, 773. 
in infectious diseases, 770. 
in influenza, 770. 
in intestinal paresis, 774. 
in mental diseases, 77.3, 

In mitral disorders, 768. 
in myocardial disorders, 768, 


Pituitary extract, in myopathies, 773. 
in nervous diseases, 773. 
in neurasthenia, 773. 
in obstetrics, 768. 
in pneumonia, 770. 
in shock, 768. 
in stunted growth, 773. 
in tachycardia, 768. 
in tuberculosis, 770. 
in typhoid fever, 770. 
organotherapy, 765. ^ 

IMtiiitrin, 767. 

Pneumonia, pituitary extract in, 770. 
Poisons in large doses as inhibitors 
of adrenal functions, 19. 
Polydipsia in acromegaly, 515. 

Polyuria and adrenal Insufllciency, 
512. 

Post-operative intestinal paralysis, 
hormone therapy in, 790. 
Progressive hypoadrenia, chronic. (Seo 
.1 (/(fison 'h disease . ) 
hypothyroidia. (See Myxfx'dema.) 
Prurigo, thyroid extract in, 734. 
Pseudo-Graves’s disease. (See Hyper- 
thyroid la.) 

Psoriasis, testicular extract in, 782. 

thyroid extract in, 734, 735. 
Puerperal intoxication, kidney extract 
in, 784. 

Pulmonary system, innervation of, 4.54. 

Uachitls, thymus extract In, 787. 

Hod corpuscles as carriers of oxygen 
to supply the plasma its oxidiz- 
ing substance, 247. 

Removal of the parathyroids only, 146. 
Renal extract, 703. 

Respiration, nervo-vascular mechan- 
ism and, 454. 
physiology of, 453, 454. 
pulmonary, adrenal secretion in, 60. 
Respiratory center, Identity of, 454. 
disorders, adrenal extract in, 761. 
functions, adrenal secretion and, 453. 
system, innervation of, 454. 
Rheumatic pains in acromegaly, 512, 
515. 

Rheumatism, spermin in, 782. 

chronic, thyroid extract in, 710, 729. 
Rickets and adrenal insufficiency, 615. 
foetal, 205. 

thymus extract in, 787. 
thyroid extract in, 710. 

It if/or mortis, nature of, 240, 244. 
Rosacea, hypertrophic, thyroid ex- 
tract in, 735. 

Salivary glands, functional mechan- 
ism of, 270, 275. 
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Sarcoma of the adrenals, 137. 

Scleroderma, thyroid extract in, 7.35. 

Seborrhoca, thyroid extract in, 73.5, 

Sensorium commune, r»i)8. 

SepticBBinla, surRical, adrenal extract 
in, 764. 

Shock, adrenal extract in, 764. 
pituitary extract in, 768. 
removal of adrenals and, .3. 

Skin diseases, thyroid extract in. 734. 

Sleep and cerebral ischemia, 526. 
retraction of the neuron-gemmulcs 
during, 577, 578. 

Spermin, 702. 
in acne, 782. 

fin Addison’s disease, 782. 

In cholera, 782. 
in diphtheria, 782. 
in marasmus, 782. 
in rt cumatism, 782. 

In syphilis, 782. 
in typhoid fever, 782. 

(See also Tenth ular orffnnotherapf/.) 

Spleen as a leucocytogeiiic center, 3.33, 
335. 

enlargement of, in malaria! fevers, 
332. 

functional mechanism of, .385, 380. 
internal secretion of, 362, 420. 
post-prandial enlargement of, and 
adrenal overactivity, 332. 

Splenic vein, path for Hplono-yjan- 
creatic secretion, 367. 

Spleno-pancrcatic internal secretions, 
362, 420. 

action of, on albuminoid poison.s, 
369, 392. 404. 

Sporadic cretinism, 197. 

Status hypoparathyreoprivus, (Sec 
7 / ytmmra thyroid tetany . ) 
parathyreoprivus. (Seo If yyopara- 
thyroid tetany.) 

Sthenic cardiac disordor.s, adrenal ex- 
tract in, 76.5. 

Stomach, functional mechanism of, 
296. 

nervous supply of, 297. 
physico-chemical functions of, 296. 
vascular supply of, 300. 

Strychnine poisoning, brain substance 
in, 7S8. 

Stunted growth, pituitary in, 77.3. 

Submersion, adrenal extract in, 764. 

Suprarenal. (See Adrenal.) 
apoplexy, 6. 
haemorrhage, 5. 

Surgical diseases, adrenal extract in, 
752. 

disorders, thyroid extract in, 7.37. 
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Surgical heart-failure, adrenal extract 
in, 764. 

septiemmia, adrenal extract in, 764. 
Sweat-glands, functional mechanism 
of, 275, 280. 

Sweating and adrenal lnsufn<;iency, 
515. 

and pilocarpine, 27.5. 

Sympathetic nerve, role of. In organic 
functions, 294. 

Syphilis, spermin in, 782. 

thyroid extract in, 711. 
Syringomyelia and acromegaly, 614. 

Tabes, testicular extract in, 782. 
Tachycardia, pituitary extract In, 708. 
Temperature, action of drugs on ad- 
renals in the production of 
lowering of the, 49, 
adrenal sc'cretion, action of, on, 66. 
Terminal hypoudrenia, 109. 
pathogenesis of, 110. 
symptomatology of, 110. 
treatment of, 112. 

Testicular extract, 702. 
in ectzema, 7S2. 
ill glycosuria, 782. 
in gout, 782. 
in impotemre, 782. 
in melancholia, 782. 
in neurasthenia, 782. 
in obesity, 782. 
in paralysis agitans, 782. 
ill psorl.'i.sis, 782. 

In tab(‘s, 782. 

organotherapy, 780. (See Fipermin.) 
Tetania parathyreopriva. (See Ityi>o- 
para th yro hi (eta ny.) 

Tetanic .spasm due to hypcToxidatinn, 
2:54. 

’retanus, brain substance In, 788. 
due to adrenal overaeti vity, 234. 
thermal pheiioimoia in, 234, 236. 
Tetany, hypoi)araUiyri)id, 741. 

thyroid extract in, 710. 

Thymus extract in diseases of the thy- 
roid, 786. 

in exophthalmic goiter, 786. 
ill goiter, 786. 
in rachitis, 787. 

In rickets, 787. 

gland, adrenal system and the, 467. 
organotherapy, 786. 

Thyroid, diseases of, thymus extract 
in, 786. 

dual function theory of the, 147. 
effects of internal secretion of, 148. 
extract in adiposis dolorosa, 727. 
in alopecia, 734. 
in asthma, 710. 
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Thyroid extract in bone necrosis, 711. 
in cancer, 739. 

In chronic rheumatism, 710, 729. 
in cretinism, 710. 
in Dercum’s disease, 727. 
in dermatitis herpetiformis, 734. 
in eclampsia, 710. 

In eczema, chronic, • 734. 

ill eczema of young children, 734. 

in enuresis, 733. 

in epilepsy, 710, 716. 

in exanthemata, 711, 

In febrile infections, 738. 
in fractures, 710. 
in general adynamia, 710. 
in goiter, 728. 

In hEemophilia, 736. 
in hypertrophic rosacea, 735. 
in ichthyosis, 7.34. 
in infectious diseases, 711. 
in infectious tonsillitis, 711. 
in insanity, 711. 
in leprosy, 735. 

In lupus, 73r». 

in malignant neoplasms, 711. 
in menopause, 710. 

In migraine, 710. 
in myasthenia, 710. 
in rayxerdema, 710. 

In neurasthenia, 710. 
in obesity, 710. 

In osteomalacia, 710. 

In osteomyelitis, 710. 
in prurigo, 734. 
in psoriasis, 734, 735. 
in rickets, 710. 
in scleroderma, 7.35. 
in seborrheea, 735. 
in skin diseases, 734. 

In syphilis, 711. 
in surgical disorders, 737. 
in tetany, 710. 
in tuberculosis, 711. 
in typhoid fever, 711. 
functions of the, prevailing views 
as to the, 143. 
hyperEEmia, 206. 
diagnosis of, 209. 
symptomatology of, 207. 
treatment of, 209. 
organotherapy, 708. 

Thyroidism. (See HypertHyroidia.) 
Thyroiditis, 206. 
chronic, 209. 

Thyroparathyroid apparatus, diseases 
of the, 174, 212. 

disorders due to deficient activity 
of the, 174. 

disorders due to excessive activity 
of the, 212. 


Thyroparathyroid apparatus, in gen- 
eral oxidation and imniunity. 
143. 

in immunity, 623. 

center, pituitary body as the seat 
of, 168. 
problem, 150. 

secretion as activator of cellular 
phosphorus, 152. 
as Wright’s opsonin, 163. 

Tic, cephalopin in, 788. 

Tonsillitis, infectious, thyroid extract 
in, 711. 

Toxiemia, adrenal extract In, 764. 

Toxic albuminoids, reduction of, 369, 
404, 420. 

Toxics which produce congestion of 
the adrenals, 23. 

Toxins, conversion of, into benign 
products, 369, 392, 404, 420. 
in large doses as Inhibitors of adre- 
nal functions, 19. 

Trypsin as the splnno-pancreatic se- 
cretion, 392, 404, 420. 

Tuberculosis dfr the adrenals, 8. 
pituitary extract in, 770. 
thyroid extract In, 711. 

Typhoid fever, pituitary extract In, 
770. 

spermln In, 782. 
thyroid extract in, 711. 

Urea and Its formation, 342, 346, 360. 

Uterine fibroids, mammary gland ex- 
tract In, 786. 

involution, mammary gland extract 
In, 786. 

Vaccines, 696. 

Vagal system in cardiac functions, 421. 

Vapor ole, 767. 

Vascular pressure, adrenal extract 
and, 13. 

Vasoconstrictors as subdivisions of 
general motor nerves, 253, 261. 

Vasodilators, mode of action, 255, 274, 
294. 

Vasomotor functions and adrenal sys- 
tem, 233. 

Impulses, the posterior pituitary as 
the source of, 597, 598. 

Venoms as inhibitors of adrenals, 19. 
morbid effects of, on the adrenals, 
39, 64. 

Villi, intestinal functions of, 314. 

Vital process, the pituitary bodies and, 
483, 593. 

Volvulus, hormone therapy In, 790. 

Wright’s opsonin, thyroparathyroid 
secretion as, 163. 








